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This  Is  the  final  technical  engineering  report  covering  a!!  work  performed  under  Contract 
AF33  (600)- 36450  from  March  1958  to  May  i960.  The  manuscript  was  released  by  the  author 
on  May  30,  1960  for  publication  as  an  AMC  Technical  Report. 

This  contract  is  a  continuation  of  the  work  started  by  National  Research  Corporation  to 
develop  titanium  casting  fundamentals  under  Contract  AF33(600)-32801 ,  Project  7-21 6~n. 

This  contract  with  Boeing  Airplane  Company  was  Initiated  under  AMC  Manufacturing  Methods 
project  number  7-656,  "Development  of  Titanium  Alloy  Casting  Method. 41  The  contract  was 
administered  under  the  direction  of  Mr.  A.  H.  Langenhelm  of  the  Metallic  Materials  Branch 
(LMBML-1 ),  Manufacturing  and  Materials  Technology  Division,  AMC  Aeronautical  Systems 
Center,  Wright  Patterson  Air  Force  Base,  Ohio. 

Mr.  R.  V.  Carter,  Research  Engineer,  Aero-Space  Division  of  Boeing  Airplane  Company 
was  the  engineer  in  charge  of  the  program.  The  work  was  supervised  by  Mr.  J.  W.  Sweet, 
Chief  Metallurgist,  Materials  and  Processes  Staff,  Aero-Space  Division,  Boeing  Airplane 
Company. 

The  primary  objective  of  the  Air  Force  Manufacturing  Methods  Program  is  to  increase 
producibitity  and  improve  quality  and  efficiency  of  fabrication  of  aircraft  and  missiles 
and  comparents  thereof .  This  report  is  being  disseminated  in  order  that  the  methods  and/o~ 
processes  developed  may  be  used  throughout  industry,  thereby  reducing  production  costs  and 
obtaining  "MORE  AIR  FORCE  PER  DOLLAR". 

Your  comments  are  solicited  on  the  potential  utilization  of  the  data  and  information  contained 
In  this  report  as  applied  to  your  present  or  future  production  program,  in  addition,  any  sug¬ 
gestions  concerning  additional  Manufacturing  Methods  developments  required  on  this  or 
similar  subjects  will  be  appreciated. 
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This  is  the  final  report  on  Contract  AF  33(600)-36450. 

This  research  and  development  contract  was  initiated  approximately 
1  March  1958  and  had  the  following  objectives: 

(a)  Develop  a  complete  commercially  feasible  process,  on 
a  non-proprietary  basis,  capable  of  producing  close- 
toleiance  titanium-alloy  castings  of  the  type,  size,  and 
quality  required  for  aircraft  application* 

(b)  As  a  practical  demonstration  of  the  validity  of  the  deve¬ 
loped  process,  produce  and  evaluate  pilot  production  ’ 
quantities  of  several  different  casting  designs. 

(c)  Establish  procurement  specifications,  quality  control  pro¬ 
cedures,  inspection  methods  and  standards,  and  design 
criteria  necessary  for  extensive  application  of  titanium 
designs. 

This  program  consisted  of  four  phases  summarized  as  follows: 

Phase  I  -  Preliminary.  Establish  the  present  state 

of  the  art;  select  components 
for  development  as  titanium 
castings. 

Phase  II  -  Process  Development.  Develop  a  practicable  casting 

process;  investigate  melting 
and  pouring  procedures,  mold 
materials,  mold  design,  casting 
alloys,  surface  treatments,  and 
casting  design. 


Phase  111  -  Trial  Production.  Produce  and  evaluate  rest  parts; 

develop  quality  control  methods, 
inspection  standards,  procurement 
specifications,  design  procedures, 
heat  treatment  procedures;  es¬ 
tablish  design  allowables  by  test. 


A 


INTRODUCTION 


D2-2786-8 


Phase  IV  -  Pilot  Production.  Produce  pilot  production 

lots  of  several  casting  de¬ 
signs  in  accordance  with 
specifications,  etc.  deve¬ 
loped  in  Phase  III. 

Oregon  Metallurgical  Corporation  was  selected  as  subcontractor 
for  this  program,  and  conducted  the  necessary  foundry  research  and  deve¬ 
lopment  work. 
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MELTING  PRACTICE  DEVELOPMENT 


Because  of  the  extreme  reactivity  of  titanium  at  and. 
above  its  melting  ,oint,  an  entirely  new  melting  process  has  been 
developed  specifically  for  casting  titanium  and  similar  metals. 

The  rapid  contamination  of  titanium  at  elevated  temperature  by 
oxygen  and  nitrogen  and  the  severe  damage  to  ductility  by  small 
percentages  of  such  contaminants  requires  that  all  high  temperature 
processing  of  titanium  be  done  in  the  absence  of  air.  Also,  since 
molten  titanium  reacts  readily  with  almost  all  crucible  materials, 
the  problem  of  containing  the  heat  until  enough  stock  is  melted  to 
make  a  pour  has  required  special  attention.  The  only  satisfactory 
furnace  for  production  casting  of  titanium  was  developed  previous 
to  this  program  by  the  Albany,  Oregon  experimental  station  of  the 
U.S.  Bureau  of  Mines.  The  equipment  used  In  this  program  is  pat¬ 
terned  after  the  Bureau  of  Mines  furnace,  with  improvements  in 
the  mechanisms  and  controls.  Briefly,  the  furnace  consists  of  a 
cylindrical  tank  with  a  tower  for  containing  and  feeding  the  elec¬ 
trode,  a  water  cooled  cop  ier  crucible  supported  on  trunnions  inside 
the  tank,  provisions  for  centrifuge  casting,  and  the  necessary 
vacuum  pumps  and  controls.  A  sketch  of  the  vertical  axis  centrifuge 
furnace  is  presented  as  Figure  B1 . 

Furnace  Characteristics  and  Operation 


Two  furnaces  were  used  during  this  program.  One  was 
a  static  casting  furnace  with  provisions  for  horizontal  axis  centri¬ 
fugal  casting.  1  he  ..econd  was  a  vertical  axis  centrifugal  casting 
furnace  designed  and  built  by  the  subcontractor  to  meet  requirements 
developed  during  this  program.  Both  units  operate  with  the  electrode 
at  negative  polarity. 

All  experimental  melting  and  casting  was  done  under  a 
dynamic  vacuum.  Melting  was  started  by  striking  an  arc  between 
the  electrode  and  a  small  quantity  of  sponge  or  solids  placed  in  the 
copper  crucible  or  against  the  skull  from  a  previous  melt.  Melting 
poverwastfien  rapidly  increased  to  the  desired  level  where  it 
maintained  until  the  electrode  was  construe J  and  the  molten  pool 
adequately  superheated.  'J. >on  accumulation  of  the  proper  amount 
of  molten  meial  in  the  crucible,  the  power  is  cut,  the  electrode  is 
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1.  POWER  LEAD  CLAMPING  PLATE 

2.  WATER  COOLED  ELECTRODE  HAM 

3.  MICARTA  INSULATOR 

4.  ELECTRODE 

5.  WATER  COOL  EO  VACUUM  CHAMBER 

6.  LIGHT  PORT 

7.  MOBILE  VACUUM  CHAMBER 
8  MOLD  SPIN  TUB 

9, 'WATER  COOLED  CRUCIBLE 
IQ  VACUUM  PORT 
II  VIEW  PORT 


FIGURE  Bl 
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ra;  j<"  -  retracted  by  an  *neumatic  cylinder,  and  the  crucible  tipped 
to  make  the  pour.  Pouring  of  the  mold  is  completed  in  four  to  six 
seconds  after  the  arc  is  extinguished.  Table  J1  lists  the  melting  con¬ 
ditions  recorded  for  each  heat  made  in  this  program.  The  maximum 
poured  weight  during  this  program  was  340  pounds. 

Cooling  of  the  molds  and  furnace  is  usually  accomplished 
by  backfilling  the  furnace  chamber  with  inert  gas,  or  occasionally 
by  allowing  slow  cool  in  vacuum. 

Electrode  Preparation 

Electrodes  for  melting  were  prepared  from  ingot,  wrought 
products  scrap,  or  casting  recycle  material  such  as  gates,  risers,  and 
rejected  castings.  An  electrode  prepared  from  ingot  requires  only 
the  welding  of  the  stub  (which  is  attached  to  the  stinger)  to  the  ingot. 
The  preparation  of  an  electrode  from  scrap  as  shown  in  Figure  B2  re¬ 
quires  additional  fabrication  of  the  electrode  by  welding. 

The  general  procedure  for  preparation  of  an  electrode 
from  casting  recycle  material  is  as  follows.  The  gates  and  risers  are 
removed  from  the  castings  by  power  saw,  abrasive  cut-off,  or  by  oxy- 
acelylene  torch.  The  material  is  then  cleaned  by  shot  blast.  The 
scrap  is  segregated  to  permit  control  of  chemical  analysis  by  blending. 
The  cleaned  material  is  next  assembled  Into  an  electrode  by  Heliarc 
welding  in  air  atmosphere.  Figure  B2  is  a  photograph  of  an  electrode  of 
commercially  pure  titanium  which  was  used  to  pour  experimental 
castings.  This  electrode  was  made  from  sprues,  gates,  and  risers 
from  previous  heats  rdus  a  slab  of  wrought  scrap  plate  which  was  added 
to  dilute  oxygen  to  an  acceptable  level.  The  entire  electrode,  except 
the  attachment  stub,  is  melted  in  one  pour. 

The  welds  must  be  large,  since  they  must  carry  the  entire 
currenr  load  being  used  lo  melt  the  electrode,  in  some  instances,  in¬ 
adequate  welds  have  resulted  in  electrodes  beirg  prematurely  dropped 
into  the  crucible.  As  the  consumable  electrode  is  melted, hot  spots 
occasionally  occur  on  the  electrode,  requiring  that  the  power  be  re¬ 
duced.  tf  welding  cracking  is  a  •roblem  in  fabrication,  of  alloy  elec¬ 
trodes,  commercially  •  u;e  weld  filler  wire  can  be  used  to  dilute  the 
alloy  content  in  the  weld.  Tire  electrodes  are  welded  as  symetricaily 
as  possible  to  avoid  '  intrusions  which  could  aic  to  the  crucible. 
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Recycling  of  Foundry  Scrap 

It  was  decided  that  maximum  recycle  of  gates#  risers, 
and  other  foundry  scrap  would  be  utilized  to  gain  experience  on  the 
effects  of  melting  on  chemical  analysis  and  the  effects  of  analysis  on 
mechanical  properties. 

Three  series  of  heats  were  poured  to  experimentally  de- 
defermlne  the  sources  of  melting  contamination  of  the  cast  titanium  . 
alloy.  The  variables  in  each  series  were  as  follows: 

Series  1  -  Control  of  melting  at  the  normal  operating 
standards,  with  electrode  preparation  by  welding  in  an 
inert-gas  (helium)  tank  using  carbon  welding  electrode. 

Series  2  -  Melt  under  varying  furnace  vacuum  (simulating 
poor  melting  practice),  with  electrode  preparation  as  in 
Series  I . 

Series  3  -  Controlled  melting  as  in  Series  1,  with  elec¬ 
trode  preparation  by  cutting  and  welding  (Heliarc)  in 
air  atmosphere. 

The  results  of  these  trials  are  shown  in  the  series  of  graphs 
comparing  each  of  three  series  of  casting  conditions.  Each  of  the  three 
casting  conditions  are  plotted  on  the  same  graph  for  comparing  the  in¬ 
terstitial  rise  in  each  controlled  series. 

Figure  B3  illustrates  the  vacuum  control  held  during  the 
three  casting  series.  The  three  curves  plotted  on  each  graph  (Series  I, 

2,  and  3)  are  drawn  to  show  the  starting  vacuum  reading,  the  vacuum 
reading  during  the  melting  cycle,  and  the  vacuum  reading  directly 
after  pouring.  The  vacuum  is  measured  in  microns  of  pressure  con¬ 
tained  in  the  furnace  chamber.  It  is  evident  from  the  '’during"  melting 
curve  that  outgassing  occurs  from  the  melting  of  the  ingot  and  as  con¬ 
tinued  recycling  is  conducted,  the  amount  of  outgassing  increases.  The 
"after"  pouring  reading  follows  very  closely  the  "during"  melting  vacuum 
readings,  demonstrating  that  little  gas  is  liberated  by  pouring  metal  into 
the  graphite  mold. 
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The  vacuum  pressure  in  Series  2  deliberately  varies  over 
a  large  range  as  this  series  was  conducted  to  determine  the  effect  of 
varied  melting  conditions.  The  first  recycle  heat  of  the  Series  2  tests 
was  started  at  50  microns  and  the  remaining  heats  were  varied  to  com¬ 
plete  the  recycle  experiment.  The  conditions  in  the  furnace  were 
varied  by  backfilling  to  maintain  the  desired  vacuum  reading.  The 
second  recycle  heat  in  Series  2  illustrates  that  although  the  furnace 
was  backfilled  to  200  microns,  vacuum  condition  improved  during 
the  run  due  to  the  continuous  pumping  of  the  furnace  atmosphere. 

The  casting  trials  in  Series  3  were  conducted  to  determine 
the  effect  of  welding  the  electrodes  in  air.  As  the  vacuum  curve  shows, 
control  of  atmosphere  during  the  entire  series  closely  parallels  Series  1, 
illustrating  that  normal  vacuum  control  was  held.  The  “during**  and 
“after"  vacuum  readings  vary  over  a  wide  range  relative  to  the  initial 
micron  readings,  due  to  welding  of  the  electrodes  in  air.  Because  of 
the  method  in  which  the  electrode  was  made  for  the  continuous  recycle 
heats,  little  welding  was  necessary.  To  determine  the  effect  of  con¬ 
ventional  welding  requirements  on  interstitial  contamination,  additional 
welding  was  performed  by  welding  beacs  along  the  side  of  the  ingot.  It 
is  evident  from  the  graphs  that  outgassing  occurred  during  the  melting 
stage  in  larger  proportion  than  in  the  other  two  series.  It  was  concluded 
that  the  welding  in  air  does  increase  gas  evolution  during  melting. 


The  series  of  graphs  in  Figure  B4  illustrate  the  increase  in 
interstitials  In  the  recycled  6AI-4V.  The  graphs  show  carbon,  oxygen, 
hydrogen,  nitrogen,  and  iron  content.  Each  of  the  series  of  casting 
conditions  plotted  on  the  same  graph  illustrates  by  comparison,  the 
increases  in  interstitials  due  to  different  melting  conditions. 

The  carbon  ;  ercentnge  graph  demonstrates  that  in  the 
original  heat,  carbon  increased  as  the  recycle  heats  continued.  Carbon 
in  recycle  heat  five  is  low,  probably  because  that  electrode  was  pickled 
prior  to  casting.  In  recycle  beat  six  the  carbon  content  again  increases. 
It  is  evident  that  the  increase  In  carbon  is  a  function  of  the  number  of 
times  the  material  is  cast  In  the  graphite  mold.  Melting  conditions  In 
Series  2  evidently  did  not  have  a  separate  effect  upon  carbon  increase. 
The  rate  ot  carbon  increase  is  similar  to  that  of  Series  1 . 
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The  increase  in  oxygen  does  not  show  a  great  deal  of 
variation,  there  being  a  slight  increase  In  all  the  heats  as  recycling 
continued.  Poor  atmosphere  control  and  welding  in  air  are  both  de¬ 
trimental  to  oxygen  control.  Since  oxygen  must  be  maintained  within 
close  limits,  the  foundry  has  the  option  of  tight  process  controls  to 
minimize  oxygen  pickup  during  the  process  cycle  or  addition  of  higher 
purity  raw  stock  to  the  heat  to  dilute  the  contamination  to  the  proper 
level. 


The  hydrogen  curve  illustrates  a  rapid  Increase  in  hydro¬ 
gen  when  electrode  is  fabricated  in  air  by  welding  with  Hellarc. 

The  increase  in  nitrogen  occurs  slowly  as  recycling  con¬ 
tinued.  In  heat  five  of  Series  1,  a  reduction  in  nitrogen  is  noted  on 
the  graph.  The  reason  is  not  known.  Series  2  increases  in  nitrogen 
are  gradual  and  uniform  and  increases  in  nitrogen,  therefore,  seem 
to  be  consistent  with  uncontrolled  furnace  conditions. 

The  increase  in  iron  in  recycling  titanium  does  not  seem 
to  be  separately  influenced  by  furnace  conditions.  It  is  expected  that 
the  Iron  content  would  not  increase  appreciably  as  recycling  continued. 
The  source  of  iron  contamination  was  shot  blasting  of  the  ingot  material 
for  cleaning  and,  as  very  little  cleaning  was  necessary  for  recycling, 
the  contamination  level  was  kept  quite  low. 

Mechanical  property  tests  of  each  of  the  recycled  heats 
are  reported  in  Table  J2  and  are  plotted  on  graphs  in  Figure  B5  ,  Yield 
strength,  ultimate  tensile  strength,  elongation,  reduction  of  area,  and 
Brineli  hardness  are  included.  Each  plotted  point  is  based  on  the  average 
of  three  tensile  specimens  tested.  Series  1  strength  curves  show  a  small 
increase  in  strength  over  the  period  of  recycle  heats.  The  second  series 
strength  curves  show  higher,  but  consistent  strength  in  recycle  heats 
except  for  heat  four,  where  the  specimens  failed  without  yield. 

The  Series  3  conditions  resulted  ir.  a  gradual  increase  in 
strength  as  recycling  continued. 

The  ultimate  strenglh  curves  are  generally  similar  to  those 
shown  for  yield  strengths.  The  average  ultimate  tensile  strength  of  the 
fourth  heat  of  Series  2  dropped  to  81,000  psi,  with  no  ductility. 


B8 


D2-2786-8 


After  recycle  heat  three,  the  chemical  analyses  and  pro¬ 
perties  showed  greatest  variation  between  the  three  practices  investi¬ 
gated.  This  indicates  that  recycling  of  selected  foundry  scrap  Is  ac¬ 
ceptable  if  the  scrap  is  properly  diluted  with  new  metal. 
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FIGURE  B2 

TYPICAL  ELECTRODE 


.rersfitial  Content,-  Per  cent 
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FIGURE  B4 

INTERSTITIAL  ANALYSES  OF  RECYCLE  HEATS 


Interstitial  Content,  Per  cent 
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FIGURE  B4  (Continued) 

INTERSTITIAL  ANALYSES  OF  RECYCLE  HEATS 


Recycle  Heat  Number 
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PROPERTIES  OF  RECYCLED  TI-6AI-4V 
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MOLD  DEVELOPMENT 


A  major  problem  in  the  development  of  a  practical 
process  for  casting  of  the  leactive  metals  has  been  that  of  finding  a 
suitable  mold.  The  conventional  mold  materials  used  for  casting  of 
steels  (such  as  sand,  shell,  or  ceramic  molds)  are  completely  un¬ 
satisfactory  for  titanium,  since  titanium  above  or  near  its  melting 
point  will  violently  react  with  those  materials.  The  only  materials 
which  have  been  found  to  satisfactorily  withstand  contact  with  molten 
titanium  are  metals  or  graphite.  Of  these,  graphite  has  been  the  most 
satisfactory. 

Machined  Graphite  Molds 

At  the  time  of  initiation  of  this  contract,  usable  titanium 
castings  of  simple  geometry  had  been  produced  in  machined  graphite 
molds.  This  material  was  used  for  much  of  the  early  work  in  this 
program,  such  as  the  first  trial  casting  of  the  developmental  bracket 
and  the  first  feeding  studies.  It  was  soon  found  to  be  unsatisfactory 
for  the  developmental  bracket,  because  the  high  strength  of  the  mold 
v/ouid  not  allow  proper  contraction  of  the  casting  during  cooling,  and 
consequently  would  cause  hot  tearing  in  the  restricted  web  area  and 
mold  spoiling,  particularly  at  corners  and  restricted  areas.  Mold  life 
can  be  extended  by  use  ot  replaceable  mold  inserts. 

In  general,  machined  graphite  molds  are  useful  for  simple 
shapes,  where  the  mold  does  not  restrict  contraction  of  the  metal 
during  cooling.  Reproduction  of  surface  detail  is  good,  and  close 
dimensional  tolerances  can  be  maintained.  Some  loss  of  dimensional 
tolerance  capability  occurs  if  mold  inserts  are  used. 

Metal  Molds 


Meted  molds  are  satisfactory  for  only  the  simplest  of 
shades.  Any  restriction  of  contraction  during  cooling  of  the  casting 
will  cause  rupturing  of  the  restricted  areas.  The  cost  of  preparing  a 
metal  :iu  id  is  h.’gii. 
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Rammed  Gra  diite  Molds 

Shortly  before  initiation  of  this  program,  details  were 
published  on  research  work  on  rammed  graphite  mold  mixtures  carried 
out  by  A.L.  Feild,  Jr.  at  the  E.t.  du  Pont  de  Nemours  experimental 
station  at  Wilmington,  Delaware.  The  mold  mixture  consisted  of 
powder  graph! te  as  a  base,  corn  starch  for  a  green  binder,  pitch  and 
carbonaceous  cement  for  a  high -temperature  binder,  and  water  with 
G  wetting  agent  to  provide  molding  plasticity.  Further  development 
sf  t{je  mold  was  done  by  Andes,  Norton,  and  Edelman  at  Frankford 
Arsenal .  This  work  provided  a  starting  point  for  development  of  a 
suitable  rammed-graphite  mold  for  production  casting  of  titanium. 

A  total  of  133  experimental  mold  mixtures  were  prepared 
and  tested  during  this  program.  Parameters  used  In  judging  the  mix¬ 
tures  were  mold  shrinkage;  presence  or  lack  of  reaction  with  titanium; 
carbon  contamination  of  the  titanium;  green  strength,  permeability, 
and  hardness;  and  general  handling  and  casting  characteristics. 

AH  batches  were  mixed  in  a  Carver  Muller,  Model 
i-GF.  The  general  mixing  procedure  was: 

(a)  mull  graphite  (or  other  base)  and  starch  dry  for 
two  minutes, 

(b)  add  pitch  and  mull  for  two  minutes, 

(c)  add  water  and  cement  and  mull  for  four  minutes. 

Samples  of  each  batch  were  hand  screened  through  an  eight-mesh 
riddle  for  testing.  In  most  cases,  molds  were  prepared  from  the  re¬ 
maining  material  for  shrinkage  determinations  and  casting  trials. 
Compositions  of  the  various  mixes  are  in  Table  J3  .  Grain  size 
distributions  of  the  graphite  base  materials  are  i  ■<  Table  J4. 

Two-Inch  diameter  by  two-inch  length  standard 
American  poundrymen  Society  briquette  specimens  and  standard 
A.F.S.  tensile  specimens  were  pfejored  from  the  screened  material. 
These  specimens  were  band  rammed  to  a  hardness  of  A.F.S.  80  when 
mix  properties  permitted. 
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After  the  properties  of  the  green  specimens  had  bein 
determined,  specimens  were  air  dried  for  a  minimum  of  16  hours  at 
250°F  and  then  fired.  Firing  was  accomplished  by  packing  the 
specimens  in  graphite  powder  in  corrosion  resistant  steel  boxes,  and 
placing  the  box  in  an  electric-resistance  ht-ated  furnace  at  1200°F. 

The  temperature  of  the  furnace  was  raised  to  1 600° F  for  three  hours 
and  the  furnace  then  turned  off  and  allowed  to  slowly  cool.  The 
specimens  were  removed  after  the  furnace  had  cooled  to  1200°F. 

After  air  cooling  to  room  temperature,  the  specimens  were  tested 
using  standard  foundry  sand-testing  equipment.  The  results  of  tests 
on  the  trial  mold  mixtures  are  given  in  Table  J5.  *■ 

Next,  rammed  molds  for  casting  5/8-inch  thickness  by 
six-inch  diameter  plates  were  prepared  from  the  experimental  mix¬ 
tures.  These  molds  were  used  to  determine  mold  shrinkage  during  firing 
and  to  determine  carbon  pickup,  resistance  of  the  mold  to  reaction 
with  the  titanium,  and  surface  quality  of  the  cast  part.  Most  of  the 
molds  were  produced  using  a  split  core  box  technique  where  the 
partem  halves  could  be  assembled  to  form  the  completed  mold.  Molds 
were  bench  rammed  to  a  mold  hardness  of  A.F.S.  80  using  a  pneumatic 
hand  rammer.  The  patterns  were  drawn  using  a  vibrator  draw  machine. 

The  molds  were  partially  dried  at  room  temperature  and 
finish  dried  at  250°F,  usually  for  16  hours.  They  were  then  packed  in 
graphite  powder  in  corrosion  resistant  steel  boxes  and  placed  in  an 
electric-resistance  heated  furnace  at  1200°F.  The  furnace  was  then 
raised  to  1600°F,  held  for  three  hours,  and  the  power  shut  off. 

The  molds  were  removed  when  the  furnace  had  cooled  to  1200°F. 

The  firing  cycle  required  approximately  24  hours.  Fired  molds  were 
stored  at  250° F  until  about  two  hours  before  pouring,  when  they  were 
assembled.  It  is  desirable  to  keep  the  molds  hot  until  they  are  placed 
into  the  casting  chamber,  to  avoid  moisture  pickup  from  the  atmosphere. 
This  is  difficult  since  the  external  gating  and  the  mold  halves  and 
cores  must  be  manually  assembled  after  the  mold  is  fired.  Later  in 
the  program.,  molds  for  production  castings  were  heated  to  1650°F 
instead  of  1600°F,  in  an  attempt  to  reduce  gas  porosity  defects. 

The  resulrs  of  hardness  tests  on  the  experimental  rammed 
molds  are  in  Tab!..  J5.  The  shrinkage  measurements  (made  by  measuring 
outside  dimensions  of  molds  before  and  after  firing)  are  given  in  Table  J6. 
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Carbon  contamination  adjacent  to  the  surface  of  Ti- 
6AI-4V  castings  produced  in  rammed-graphite  and  machined-graphite 
molds  was  determined  by  machining  0.003-inch  successive  cuts  from 
the  face  of  cast  discs  and  analyzing  the  cuttings  obtained.  The  edges 
of  the  discs  had  been  previously  machined  so  that  contamination  at 
the  edge  would  not  influence  the  analyses.  Results  of  these  tests  are 
plotted  in  Figure  B6.  As  shown  by  this  graph,  the  carbon  contamina¬ 
tion  is  high  adjacent  to  the  surface,  but  decreases  rapidly  as  depth 
increases,  and  at  .025  to  .030-inch  has  leveled  off  to  the  base  carbon 
content  of  the  casting.  This  depth  of  contamination  was  confirmed  by 
hardness  traverse  technique. 

Mixtures  7  through  15  were  produced  to  evaluate 
binders.  Observations  of  interest  are  that  laundry  starch  provides 
fired  strength,  pitch  provides  fair  green  strength  arid  best  fired  strength, 
carbonaceous  cement  contributes  only  to  baked  strength,  and  foundry 
corn  flour  provides  good  baked  strength  but  Is  weak  after  firing. 
Starch-pitch  and  starch-cement  combinations  provide  good  green  and 
fired  properties. 

Mixtures  19  through  29  evaluate  the  use  of  raw  linseed 
oil  as  a  substitute  for  carbonaceous  cement.  Three  and  four  percent 
additions  of  linseed  oil  produced  good  molds  without  detriment  to 
castings  poured  In  these  mixtures.  However,  the  mixtures  containing 
linseed  oil  were  difficult  to  handle  because  of  ’‘stickiness”.  Costs 
of  the  two  materials  were  found  to  be  about  equal. 

Mixtures  34  through  38  were  made  with  varying  amounts 
of  carbonaceous  cement  and  with  corn  flour  as  a  substitute  for  laundry 
starch.  Although  the  tests  of  the  low  cement  mixtures  indicated 
desirable  properties,  the  molds  tended  to  be  weak  and  broke  easily 
at  corners. 


Mixtures  39  through  133  were  made  to  investigate 
substitute  materials  such  as  coke  for  graphite,  to  test  a  wetting  agent, 
and  to  find  mixtures  that  would  decrease  mold  shrinkage. 

The  addition  of  “Depone!  G"  {du  Pont),  a  wetting 
agent,  to  the  rammed  graphite  mold  mixture  caused  significant  in¬ 
crease  in  fired  tensile  strengTh,  but  caused  stickiness  of  the  mixture 
making  preparation  of  molds  more  difficult. 
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The  use  of  conventional  liquid  foundry  binders  in  the 
mixture  (Mixtures  61  -  64)  severely  aggravated  the  gas  porosity  pro- 
biem  and  caused  poor  surface  quality  in  the  casting.  Soluble  amin- 
oaldehyde  thermosetting  resin  (a  high  solid  urea  type  of  water  soluble 
binder),  and  a  phenol -formaldehyde  water  dispersed  binder  were  used. 

In  conventional  foundry  practice/  these  are  used  mainly  as  core  binders. 
It  ts  probable  that  the  gas  porosity  and  surface  quality  problems  were 
the  result  of  incomplete  removal  of  volatiles  during  firing  of  the  molds/ 
and  that  modified  firing  practice  including  higher  firing  temperature 
could  be  developed  for  these  binders. 

Mixtures  71 ,  72,  and  73  were  made  using  “Slurry" 

(a  petroleum  residual  available. from  Union  OH  Company,  Los  Angeles) 
in  place  of  water.  As  in  other  series,  the  percentages  of  pitch  were 
varied.  These  mixtures  exhibited  low  green  strength  making  pattern 
withdrawal  difficult,  particularly  with  complex  molds.  Mixtures  74, 

75,  and  76  also  Included  Slurry,  but  no  starch  or  cement.  These  mix¬ 
tures  also  exhibited  low  green  strength.  Additional  mixtures  were  made 
without  starch,  cement,  or  Slurry;  with  varying  amounts  of  pitch  and 
water;  and  with  additions  of  coke  flour. 

Some  of  the  mixtures  made  contained  coke  as  a  sub¬ 
stitute  for  granular  graphite  in  an  effort  to  reduce  mold  cost.  However, 
coke  was  unsatisfactory  because  of  severe  reaction  with  the  molten 
titanium,  apparently  because  of  high  sulfur  In  the  coke. 

Mixtures  1  and  17  were  considered  the  best  of  those 
tested.  They  handled  well  during  ramming,  provided  good  casting 
surfaces  and  had  desirable  strength  levels.  Mixture  17,  with  less 
moisture  than  mixture  I,  had  superior  flowablllty  and  produced  the 
better  casting  surface  of  the  two  but  because  of  Its  lower  green  and 
fired  strength,  required  more  careful  handling  of  the  mold.  Mixture  17 
was  selected  as  the  most  satisfactory  mold  material  and  was  used  for  the 
pilot  oroductfon  phase. 
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Shell  Grophite  Mo  ids  ond  Cores 

A  partially  successful  program  was  conducted  to  develop 
a  shell  process  for  making  graphite  molds  and  cores.  The  resulting 
shell  was  used  primarily  for  cores,  and  was  satisfactory  except  when 
exposed  to  a  large  volume  of  metal  or  when  a  sharp  corner  of  the  core 
was  exposed  to  metal  on  both  sides,  in  which  cases  penetration  of  metal 
into  the  shell  occurred. 

The  experimental  shell  graphite  mixes  used  in  this  work 
are  listed  in  Table  J7.  The  mixture  selected  as  best  and  used  in  pro¬ 
duction  of  Phase  IV  castingsis  mixture  4. 

The  mixtures  which  contained  calcined  coke  as  a  substitute 
for  granular  graphite  produced  excellent  surface  finishes  but  sometimes 
caused  reaction  with  the  molten  titanium,  apparently  because  of  sulfur 
in  the  coke. 


The  investment  cycle  found  to  be  best  was  8  seconds,  with 
a  one  minute  cure.  Variation  in  investment  time  directly  causes  varia¬ 
tion  in  thickness  of  the  shell.  Curing  longer  than  one  minute  does  no 
harm  but  was  unnecessary.  After  a  one  minute  cure,  the  shell  was 
quite  strong  and  was  durable  enough  to  be  handled  without  undue  break¬ 
age.  Investing  and  curing  are  accomplished  at  350°  F.  At  temperatures 
above  350°  F,  the  shell  adhered  tightly  to  the  pattern  and  was  difficult 
to  remove.  Various  parting  agents  were  tried  but  did  not  eliminate  the 
stickiness  problem  at  high  curing  temperatures. 

Air  pressure  used  to  force  the  mixture  into  the  corebox  was 
found  to  be  an  important  factor  in  producing  good  shells.  To  obtain 
consistently  strong  and  dense  shells,  it  was  necessary  to  use  an  air  pres¬ 
sure  of  20  -  25  psig.  A  problem  w-as  experienced  in  some  trials,  because 
of  the  rapid  set-up  of  the  mixture.  During  the  build-up  of  the  shell,  a 
bridging  of  the  initial  layer  over  parts  of  the  corebox  was  observed, 
particularly  over  sections  thct  had  re-entrants  such  that  the  mixture 
entering  did  not  impinge  directly  on  all  portions  of  the  corebox.  Venting 
along  the  parting  line  of  the  coiebox  aided  in  reducing  this  problem. 
When  molds  or  cores  containing  bridge-:?  areas  were  fired  and  used,  meta: 
penetration  occurred  ;nto  the  budged  r-Oit'c-.is  of  'he  mold. 
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Sheil  cores  were  experimentally  used  to  core  the  cavities 
in  the  Sway  Brace  Case,  the  Torsion  Fitting,  and  the  Flap  Track  Link,  and 
to  form  the  pockets  in  the  Developmental  Bracket.  These  experiments 
demonstrated  that  the  shell  cores  are  not  suitable  adjacent  to  heavy 
sections  or  to  form  sharp  fillets,  because  of  penetration  of  metal  into 
the  core.  The  heavier  volume  of  metal  around  the  sheil  apparently 
does  not  permit  the  initial  chilled  skin  to  remain  in  place  next  to  the 
core  wall.  Consequently,  molten  metal  remains  in  contact  with  the 
shell  and  penetrates  Into  it. 

Corebcxss  were  machined  from  aluminum  or  block  graphite. 
The  shells  prepared  in  graphite  coreboxes  were  equal  In  quality  to  those 
made  In  the  conventional  aluminum  coreboxes.  Graphite  coreboxes 
were  preferred  for  experimental  work  because  of  the  ease  of  making 
dimensional  changes.  The  graphite  and  aluminum  boxes  were  initially 
prepared  for  investing  by  application  of  a  silicone  parting  compound 
(grease)  and  then  spraying  with  a  silicon-water  emulsion  to  facilitate 
shell  removal.  The  silicon-water  emulsion  was  reapplied  before  each 
investment  cycle. 

The  shell  graphite  process  was  further  studied  to  determine 
if  complete  molds  could  be  produced  in  multiple  stacks.  A  corebox  was 
prepared  to  make  multiple  molds  for  casting  discs.  The  pattern  equip¬ 
ment  consisted  of  two  1/2*'  x  9“  x  10“  aluminum  plates  separated  by  a 
3/4*  x  I  “  frame  work  around  three  sides  to  make  the  box.  The  cavity 
for  the  casting  was  a  5/8”  x  6"  diameter  disc,  half  of  the  disc  on  the 
interior, of  each  of  the  box  halves.  A  central  1  M  diameter  core  was 
also  located  to  provide  the  sprue  in  each  of  the  molds.  The  graphite 
material  was  Invested  from  the  bottom  of  the  box  in  the  shell  core  ma¬ 
chine.  The  completed  mold  was  then  fired  at  1650°F  in  the  standard 
manner  .  The  shell  molds,  when  stacked  together,  formal  a  complete  5/8* 
x  6"  diameter  disc  with  one-half  of  the  disc  In  the  cope  section  of  each 
mold  and  one-half  of  the  disc  in  the  drag  section;  the  parting  line  of 
the  casting  being  between  the  two  surfaces  of  the  molds.  The  sprue  was 
centrally  located  to  permit  a  single  gate  at  the  bottom  to  feed  the  entire 
stack  of  castings.  Twelve  5/8"  x  6"  diameter  discs  were  to  be  cast  in 
a  single  stack.  Two  attempts  were  made  to  pour  the  stack  of  molds. 

The  first  attempt  failed  because  of  severe  mold  reaction  between  titanium 
and  coke  molds.  The  second  pour  was  partially  successful  but  Insufficient 
metal  was  poured  to  fill  the  entire  set  of  plates  and  only  ten  of  the  twelve 
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discs  filled.  The  second  series  of  molds  was  made  of  granular  graphite 
material.  There  was  no  penetration  info  fhe  graphite  material  and  the 
castings  were  relatively  clean  with  no  surface  burning. 

Conclusions  reached  as  a  result  of  the  shell  mold  studies 
are  as  follows: 

(a)  The  shell  molding  process  offers  excellent  potential  for 
production  use. 

(b)  At  the  present  stage  of  development,  she!!  graphite  molds 
or  cores  are  not  suitable  for  shapes  with  relatively  large 
volume  concentration  or  with  sharp  fillets,  because  pene¬ 
tration  of  metal  into  the  shell  occurs  in  these  areas. 

(c)  The  feeding  distance  in  shell  graphite  molds  appears  to 

be  approximately  1 .5  times  that  typical  of  rammed  graphite 
molds. 


Investment  Molds 


The  Initial  experiments  with  investment  casting  techniques 
were  conducted  with  a  proprietary  investment  mold  developed  by  Misco 
Precision  Company,  Muskegon,  Michigan. 

The  results  of  the  first  investment  casting  trial  are  shown  in 
Figure  B7  .  The  castings  had  good  reproduction  of  detail,  but  rough  sur¬ 
face  and  some  surface  burn-in.  The  major  defect  was  the  severe  gas  poro¬ 
sity  in  the  casting.  Figure  B8  is  a  print  of  the  x-ray  of  the  tensile  test 
specimens  and  clearly  shows  the  extreme  porosity. 

Figure  B9  is  a  photograph  of  a  casting  made  in  another  type 
of  investment  mold  which  was  made  with  a  graphite  primary  coat.  Gas 
porosliy  was  extensive  throughout  the  castings,  but  surface  finish  was  ex¬ 
cellent.  The  mold  was  centrifugclly  cast  In  the  vertical  axis  centrifugal 
furnace  in  an  attempt  to  eliminate  the  gas  porosity  ;-rohiem.  The  ingates 
into  each  of  the  molds  broke  and  complete  mold  tilling  did  not  occur. 

The  threaded  portions  of  the  test  bars  showed  evidence  ol  reaction  between 
the  mold  materia!  and  the  meto!. 
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Castings  made  in  a  third  type  of  Misco  Proprietary  invest¬ 
ment  mold  showed  severe  surface  reaction  and  gas  porosity.  The  primary 
surface  of  this  mold  was  composed  of  graphite  and  zirconium  oxide. 

The  type  of  binder  used  is  not  known.  The  photograph  in  Figure  BIO 
illustrates  the  severity  of  reaction. 

A  general  observation  in  connection  with  experimental 
casting  of  these  molds  is:  lo  obtain  a  gas  free  casting,  a  binder  that 
does  not  retain  oxide  materials  must  be  used  to  prevent  reaction  and 
subsequent  gas  in  the  castings. 

Additional  investment  casting  trials  were  conducted  using 
molds  developed  by  Oregon  Metallurgical  Corporation.  The  program 
was  aimed  at  producing  an  experimental  mix  that  would  not  react  with 
the  metal  and  that  would  produce  gas-free  castings.  The  mixtures  tried 
are  listed  in  Table  J8.  Casting  trials  were  conducted  on  only  those 
mixtures  that  showed  promise  as  an  investment  material. 

Castings  were  poured  into  simple  bar  molds  made  from  mix¬ 
tures  II,  14,  15,  and  16. 

The  molds  made  from  mixtures  11  and  T5  exhibited  violent 
reaction  with  the  molten  titanium,  only  about  half  the  metal  remaining 
in  the  mold.  It  is  believed  that  moisture  in  the  second  coat  caused 
the  reaction.  The  mold  made  from  mixture  14  also  reacted  violently, 
with  no  metal  remaining  in  the  mold.  This  is  believed  due  to  the  oxides 
and  silicates  in  the  second  coat. 

Mold  mixture  16  was  used  to  make  four  trial  castings  with 
no  evidence  of  reaction.  A  problem  of  mold-face  porosity  was  caused 
by  bubbles  in  the  mixture  and  resulted  in  rough  surface  on  the  costing. 

It  is  expected  that  further  development  of  the  process  (such  as  mixing 
of  the  ingredients  in  a  vacuum  chamber  and  mechanical  vibration  during 
investment)  would  solve  this  problem. 

In  general,  the  development  of  a  satisfactory  investment 
mold  for  casting  of  titanium  appears  feasible  if  based  on  the  use  of 
graphite  . 
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Recycling  of  Mold  Materials 

The  object  of  this  study  was  to  determine  if  mold  materials 
could  satisfactorily  be  reused  to  make  new  molds  and,  If  so,  to  establish 
suitable  preparation  methods  to  obtain  proper  grain  size  and  distribution 
In  the  recycle  materials. 

The  process  for  reclaiming  the  rammed  graphite  molds  In¬ 
volves  crushing,  pulverizing,  and  screening.  The  crushing  operation  was 
to  reduce  the  size  of  mold  fragments  broken  from  the  castings  to  approx¬ 
imately  l/2-inch  size  for  feeding  to  the  pulverizer  (a  hammer  mill)  which 
then  reduced  the  material  to  the  proper  grain  size  for  making  new  molds. 

In  some  instances  when  crushing  machined  graphite,  a  large  preparation 
of  fines  were  produced  and  screen  classification  was  necessary  to  separate 
the  useful  portion  from  the  fines. 

To  establish  a  procedure  for  obtaining  material  of  proper 
grain  size  from  the  pulverizer,  several  samples  were  processed  using 
different  rotor  speeds  and  screens,  these  being  the  variables  most  ef¬ 
fective  In  adjusting  grain  size.  Table  J9  Is  a  tabulation  of  grain  size 
distributions  of  the  test  samples.  The  rotor  speed  of  the  pulverizer  was 
varied  between  14000  and  6070  RPM.  The  higher  rotor  speeds  produce 
larger  preparations  of  fines.  The  rotor  speed  of  6070  RPM  combined 
with  the  1/8-1 nch  mesh  herringbone  screen  produced  the  lowest  per¬ 
centage  of  fines. 


The  present  stage  of  reclamation  of  the  pulverized  graphite 
mold  material  Involves  a  screen  classification  process  to  obtain  the 
desirable  portion  of  the  pulverized  material.  The  material  as  recovered 
from  the  pulverizer  can  be  used  in  two  different  ways.  The  first  is  to 
use  that  materia!  which  w? }j  pass  through  the  No.  20  screen  of  a  vibra¬ 
tory  shaking  unit.  The  distribution  of  the  material  is  listed  as  Sweco 
No.  20  I:;  Table  j4  »  This  muter iai  was  somewhat  coarse,  but  produced 
acceptable  molds  where  fine  surface  finish  v»as  not  essential .  The  most 
satisfactory  comb: notion  of  classified  material  has  beers  found  to  be 
60  percent  Sweco  Nu„  zO  and  40  percent  Sweco  No.  40  mixed  to¬ 
gether  and  used  with  *he  standard  rpx  Ingredient:-..  Ti  ls  combination 
contains  a  higher  portion  of  fines  rho-  5;;  ear  me-? ]y  desired  in  general 
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FIGURE  B6 

CARBON  CONTAMINATION  DEPTH  IN  TI-6AI-4V  CASTINGS 
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FIGURE  B  7 

INVESTMENT  CASTING 
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FIGURE  B9 

INVESTMENT  CAST  T»-6Ai-4V 
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FIGURE  BIO 

INVESTMENT  CAST  TI-6A1-4V 
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FEEDING  STUDIES 


Feeding  Distance  in  F?at  Sections  Cast  In  Machined-Graphite  Molds 

An  early  study  in  this  program  consisted  of  the  casting  of 
H-6AI-4V  titanium  alloy  into  a  series  of  round,  flat  discs  of  various 
diameters,  thicknesses,  and  riser  sizes,  using  machined  graphite  molds. 
The  purpose  of  the  study  was  to  become  familiar  with  the  feeding  charac¬ 
teristics  of  titanium  alloy  castings. 

The  specific  objectives  of  the  study  were: 

(a)  to  determine  minimum  riser  diameters  required  to  pre¬ 
vent  under-riser  shrinkage  porosity, 

(b)  to  determine  the  "edge  effect",  or  soundness  contri¬ 
buted  by  faster  cooling  adjacent  to  the  disc  edge, 

(c)  to  determine  feeding  distance  changes  caused  by 
risering  variations, 

(d)  to  measure  the  total  effective  feeding  distance  con¬ 
tributed  by  the  riser  and  by  edge  effect. 

Plate  diameters  of  five  and  six  Inches  were  cast,  with  thick¬ 
nesses  from  3/8  to  one  Inch  in  1/8-inch  Increments.  Riser  diameters 
were  equal  to  their  heights  and  were  varied  from  one  to  2  1/2  inches. 

In  all  cases,  the  risers  were  concentric  to  the  plates.  A  typical  casting 
heat  Is  shown  In  Figure  BI1.  One  Inch  gates  were  used.  All  molds  for 
this  series  were  machined  from  graphite  block.  A  typical  mold  setup 
is  shown  in  Figure  B12. 

After  casting,  the  plates  were  x-rayed  and  examined  for 
under-riser  shrinkage,  shrinkage  beyond  the  riser,  and  soundness  adja¬ 
cent  to  the  edge  and  riser.  The  total  soundness  is  expressed  as  "T"  and 
is  equal  to  D/t  where  D  is  the  sum  of  the  sound  distance  measured 
radially  from  the  edge  of  the  riser  and  from  the  edge  of  the  plate,  and 
i  is  the  thickness  of  the  plate 

The  results  of  the  study  are  tabulated  in  Table  JiO. 
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After  the  first  three  trial  pours.  It  was  established  that 
bottom  gating,  as  shown  in  Figure  B1 1,  produced  the  best  casting  de¬ 
tail.  This  genera!  setup  was  used  for  making  all  subsequent  static 
pours  of  this  type. 

Examples  of  extreme  conditions  of  shrinkage  observed  are 
illustrated  in  Figures  BI2,  BT  3,  andB14„  These  Illustrations  are  photo¬ 
graphic  prints  made  directly  from  x-ray  films. 

The  following  was  concluded  from  this  study: 

(a)  Feeding  distance  In  flat  sections  (no  taper)  in  un¬ 
heated  machined-graphite  molds  does  not  exceed  IT 
for  consistently  sound  castings. 

(b)  Riser  diameter  at  its  junction  with  the  casting  must 
he  not  less  than  two  times  the  casting  thickness,  to 
prevent  under-riser  shrinkage  in  castings  made  In 
unheated  machined-graphite  molds. 

(c)  Bottom  gating  provides  casting  detail  superior  to  top 
gating. 

Feeding  Distance  in  Tapered  Sections  Cast  in  Machined  and  in  Rammed 
Graphite  Molds 

A  second  feeding  distance  study  was  conducted  to  evaluate 
the  effect  of  taper  on  soundness  of  cast  titanium  discs,  in  this  study, 
both  rammed-graphite  and  machined-graphite  molds  were  used,  AH 
discs  were  tapered  such  that  thickness  Increased  from  edge  to  center, 
and  were  cast  in  edge  thicknesses  of  1/8  to  one-inch  in  1/8-inch  In¬ 
crements.  The  following  types  of  static  molds  were  used: 

(a)  unheated  machined-graphite, 

(b)  unhealed  rammed -graph:  to, 

(c)  heated  machined-graphite, 

(d)  heated  rammed-graphite ^ 
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The  results  obtained  on  study  of  x-rays  of  the  castings  made 
In  unheated  machined-graphite  and  rammed-graphlte  molds  are  pre¬ 
sented  in  Tables  Jll  and  J12.  The  parameter  "T"  (defined  on  page  B30 
is  plotted  against  taper  for  various  disc  edge  thicknesses  in  Figures  B 7 5 
through  B17.  Figure  B 18  relates  the  taper  required  for  sound  castings 
to  the  edge  thickness  of  the  discs,  for  castings  made  in  machined  or 
in  rammed-graphite  molds. 

The  results  obtained  in  similar  trials  using  heated  machined- 
graphite  molds  are  in  Table  J 1 3.  These  tests  were  made  using  discs 
of  1/8  to  one  inch  edge  thicknesses  with  zero,  one,  three,  five,  and 
seven-degree  tapers.  The  mold  temperature  at  the  time  of  pouring 
varied  from  210  to  355  degrees  fahrenheit.  The  parameter  "T"  for  the 
heated  molds  is  plotted  against  taper  for  various  edge  thicknesses  in 
Figures  B 19  through  B21,  along  with  the  "T"  values  obtained  from  the 
similar  tests  of  unheated  machined-graphite  molds. 

A  similar  series  of  trials  was  conducted  using  heated  ram¬ 
med  graphite  molds.  The  mold  temperature  at  the  time  of  pouring 
varied  from  200  to  400  degrees  fahrenheit.  The  results  obtained  are 
tabulated  in  Table  J14and  plotted  In  Figure  B22  to  B24. 

The  following  observations  were  made  from  this  study: 

(a)  Increased  taper  in  unheated  machined-graphite  molds 
Improves  soundness  primarily  by  increasing  the  edge 
effect.  Increased  taper  in  unheated  rarnmed-graphite 
molds  improves  soundness  primarily  by  increasing  riser 
effect.  Less  taper  is  generally  required  in  rammed- 
graphite  molds  than  in  machined-graphite  molds,  for 
equivalent  soundness. 

(b)  Shrinkage  porosity  in  cast  titanium  appears  as  distinct 
voids  rather  than  as  cloudy  lovr-density  areas  on  the 
x-ray  film..  Microshr  ink  age  has  not  been  observed.. 
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(d)  Increasing  the  amount  of  taper  progressively  Improves 
feeding  distances  in  rammed  molds.  In  the  case  of 
muchined-graphite  molds  the  feeding  distance  de¬ 
creases  until  taper  exceeds  three  or  four  degrees, 
and  then  increases. 

(e)  The  effectiveness  of  taper  decreases  as  the  section 
thickness  Is  increased. 

(f)  The  tapers  required  to  cast  sound  sections  have  been 
established  In  relation  to  thickness,  and  are  shown 
in  Figure  Bl8in  graphical  form  for  machined  and 
rammed-graphite  molds . 

(g)  The  use  of  heated  molds  did  not  appreciably  improve 
the  feeding  of  cast  Ti-6A1-4V  alloy  but  did  decrease 
the  gas  porosity  problem,  apparently  because  of  re¬ 
duced  moisture  pickup  during  mold  assembly. 

Feeding  Distance  in  Shell  Graphite  Molds 

The  experimental  castings  of  plates  in  shell  graphite  molds 
exhibit  greater  areas  of  soundness  than  castings  In  the  other  mold  ma¬ 
terials.  The  initial  casting  of  the  plates  was  primarily  for  determination 
of  carbon  contamination  from  the  shell  graphite  material.  Due  to  ex¬ 
cessive  distortion  of  the  shells  during  casting,  the  plates  were  not  used 
for  carbon  contamination  studies.  X-rays  of  these  plates  revealed  only 
small  dispersed  shrinkage  areas,  as  contrasted  to  general  heavily  dis¬ 
persed  shrinkage  in  previous  castings  produced  in  rammed  graphite  and 
machined  graphite  in  the  5/8"  plate  thicknesses  without  taper.  There 
was  evidence  of  gassing  occurring  in  two  of  the  four  plates  cast  in  the 
heat.  The  second  experimental  casting  of  shell  graphite  plates  was 
made  with  a  supporting  arrangement  to  prevent  sagging  about  the  peri¬ 
phery  of  the  plate.  The  casting  experiment  was  not  successful  due  to 
inadequate  support  on  the  surface  of  the  cope,  resulting  in  mold  rupture. 
The  chilling  effect  was  sufficient  to  prevent  loss  of  metal  through  the 
cracks  in  the  melds  even  though  the  plates  were  much  thicker  than  de¬ 
sired,  because  of  the  mold  deformation.  It  appears  that  slight  fspsrs 
in  plates  cast  in  shell  graphite  no  Ids  would  greatly  extend  feeding  dis¬ 
tance,  because  the  aLsencr  of  an  effective  amount  of  chilling  permits 
the  metal  to  solid*  f/  ~  -ir,-*-  and  ■  ror '!  directional  manner  toward 

the  casting  risers . 
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Feeding  Distance  In  Centrifuge-Costing 

A  comparative  study  of  feeding  distance  in  centrifuge-cast 
discs  was  conducted  using  I/2-inch  thickness  by  six  inch  diameter  disc 
molds  mounted  on  a  central  sprue.  Four  plates  were  cast  in  machined- 
graphite  molds  in  each  of  six  heats.  The  casting  setup  is  shown  In 
Figure  B25. 

The  object  of  the  study  was  to  determine  the  effect  of  in¬ 
gate  size  and  centrifuge  speed  on  the  feeding  distance.  The  data  ob¬ 
tained  are  in  Table  J15. 

The  feeding  characteristics  In  these  discs  were  not  signifi¬ 
cantly  different  from  the  similar  discs  which  were  statically  cast,  except 
the  edge  effect  on  soundness  was  somewhat  less  in  the  centrifuge-cast 
plates.  There  was  not  an  appreciable  difference  in  soundness  when 
rotation  speed  was  increased. 

It  was  noted  that  the  portion  of  disc  which  was  forward  of 
the  gate  during  centrifuging  had  improved  soundness  over  the  trailing 
section.  A  second  group  of  centrifuge-cast  discs  were  made  with  the 
gates  at  the  trailing  edge.  This  modification  did  not  improve  casting 
soundness. 


Several  casting  trials  were  made  to  investigate  gating  tech¬ 
niques  in  centrifuge  casting.  Molds  were  prepared  to  produce  1/4  by 
three  by  five  inch  plates,  and  were  arranged  so  that  the  plate  mold 
could  be  filled  either  from  the  leading  or  trailing  edge,  by  reversing 
the  direction  of  rotation  of  the  centrifugal  casting  apparatus.  A  photo¬ 
graph  of  a  typical  casting  produced  during  these  trials  is  shown  as 
Figure  B26.  When  the  centrifuge  was  rotated  counterclockwise  the 
plate  molds  were  effectively  "top  filled",  and  were  "bottom  ft i led ** 
when  rotated  clockwise.  A  comparison  of  surface  qualities  of  castings 
produced  at  various  rotation  speeds  (200,  700,  and  1600  rpm)  and  direc¬ 
tions  demonstrated  considerably  superior  surface  qualily  in  the  bottom 
filled"  plates  at  nil  centrifuge  speeds.  Comparison  of  x-ray  quality 
showed  little  difference  in  clockwise  or  counterclockwise  rotation  at 
low  rotation  speed  (200  rpm)  but  considerable  advantage  in  bottom 
filling"  at  fire  higher  rotation  speeds. 
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The  centrifuge  casting  of  up  to  twelve  i/2-inch  thickness 
by  five  inch  diameter  discs  in  a  single  pour  was  investigated  to  deter¬ 
mine  the  practicability  of  the  proposed  multiple  centrifuge  casting 
technique.  A  machined-graphite  mold  setup  was  prepared  as  shown 
in  Figure  B27.  Figure  B28  is  a  photograph  of  a  typical  trial  heat, 
showing  the  arrangement  of  molds,  gating,  and  central  sprue.  Ihe 
gates  were  one  inch  in  diameter  from  the  sprue  to  the  two  inch  diameter 
I  n gates  feeding  the  casting. 

Examination  of  the  X-rays  of  these  plates  revealed  that  the 
gating  size  was  not  sufficient  to  provide  soundness  in  the  discs.  The 
locations  and  sizes  of  the  shrinkage  voids  in  the  twelve  discs  were 
very  consistent.  Additional  trials  were  made  using  three-cavity 
mold  setups  such  as  shown  in  Figure  B29.  Larger  and  smaller  diameter 
gate  and  ingate  diameters  were  tried  with  some  improvement  in  sound¬ 
ness  but  complete  absence  of  shrinkage  porosity  was  not  obtained. 

There  was  no  evidence  of  turbulent  metal  flow  on  the 
casting  surface,  except  for  a  very  slight  surface  ripple  near  the  in¬ 
gate.  As  the  radius  at  this  junction  was  increased,  the  surface  ripple 
appearance  decreased.  The  entire  set  of  castings  had  consistently 
good  surface  finish. 
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FIGURE  BI2a 

GENERAL  DISPERSED  SHRINKAGE  ~  FEEDING 
DISTANCE  EXCEEDED  GREATLY 
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FIGURE  B13 

SHRINKAGE  IN  SLIGHTLY  EXCEEDED 
FEEDING  DISTANCE 
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FIGURE  BT 4 

FEEDING  REQUIREMENT  SATISFIED 


TOTAL  SOUND  DISTANCE 
THICKNESS 
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FIGURE  B?5 

FEEDING  DISTANCE  IN  6"  DIAMETER  DISCS 


2  4  6  8  10 


TAPER,  DEGREES 

o  RAMMED  GRAPHITE  MOLDS 
□  MACHINED  GRAPHITE  MOLDS 
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FIGURE  B16 

FEEDING  DISTANCE  IN  6 
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FIGURE  B17 

FEEDING  DISTANCE  IN  6“  DIAMETER  DISCS 


2  4  6  8 

TAPER,  DEGREES 


O  RAMMED  GRAPHITE  MOLDS 
□  MACHINED  GRAPHITE  MOLDS 


DISC  EDGE  THICKNESS 
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FIGURE  B18 

TAPERS  REQUIRED  TO  CAST  SOUND  6"  DIAMETER  DISCS 
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FEEDING  DISTANCE  IN  6"  DIAMETER  DISCS 
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o  UNHEATED  MACHINED  GRAPHITE  MOLDS 
a  HEATED  MACHINED  GRAPHITE  MOLD 
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FIGURE  B21 

FEEDING  DISTANCE  IN  6"  DIAMETER  DISCS 


TAPER,  DEGREES 

- UNHEATED  MACHINED  GRAPHITE  MOLDS 

- HEATED  MACHINED  GRAPHITE  MOLDS 
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FIGURE  B  23 

FEEDING  DISTANCE  IN  6"  DIAMETER  DISCS 


2  4  6  8 


TAPER,  DEGREES 

—  UNHEATED  RAMMED  GRAPHITE  MOLDS 
-  UNHFATED  MACHINED  GRAPHITE  MOLDS 
HEATED  RAMMED  GRAPHI rF  MOLDS 


D2-2786-8 


FIGURE  B?4 

FEEDING  DISTANCE  IN  6"  DIAMETER  DISCS 
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- —  UNHEATED  RAMMED  GRAPHITE  MOLDS 
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FIGURE 
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U  AV 


typical  setup  for  centrifuged  plate  casting  trials 


FIGURE  B26 


CENTRIFUGALLY  CAST  PLATES 
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FIGURE  B29 

CENTRIFUGALLY  CAST  DISCS 
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SURFACE  TREATMENT  OF  TITANIUM  CASTINGS 


Removal  of  Gates  and  Risers 


Gates  and  risers  were  removed  from  the  castings  by  oxy- 
acetylene  torch  cutting/  power  hack-sawing/  and  abrasive  cut-off  wheel. 
Of  these  the  use  of  the  abrasive  cut-off  wheel  was  found  to  be  the  most 
satisfactory.  The  oxy-acetylene  torch  cut-off  increases  oxygen  con¬ 
tamination  of  the  foundry  scrap  and  requires  excessive  hand  grinding  to 
clean  up  the  casting.  Although  power  sawing  produces  a  satisfactory 
cut,  the  abrasive  cut-off  wheel  can  trim  closer  to  the  casting  and  is 
much  faster  than  sawing.  The  cost  of  the  abrasive  discs  was  compensated 
by  lower  labor  cost  compared  to  power  sawing. 

Grinding  and  belt  sanding  of  cast  titanium  was  used  for  pri¬ 
mary  cleaning.  Rough  grinding  to  remove  material  at  gal  ,  risers, 
and  flashpoints  was  the  most  effective  method  of  metal  removal .  Aluminum 
cxide  wheels  were  used  and  are  operated  at  approximately  3,030  surface 
feet  per  minute.  All  castings  were  hand  held. 


The  grinding  belt  washed  for  finishing  the  cast  titanium  to 
remove  rough  grinding  marks  and  for  slight  blending  and  flash  removal. 
Material  removal  was  fast  and  efficient,  with  metal  removal  efficiency 
increased  by  using  a  white-tallow  base  belt  lubricant.  Belt  operating 
speed  was  1100  surface  feet  per  minute  with  average  belt  life  of  8  hours. 
The  belts  were  made  of  silicon  carbide  abrasive  bonded  to  heavy  cloth. 
The  most  efficient  sardirgwas  accomplished  using  a  ribbed  hard  rubber 
wheel  at  the  point  of  pressure  contact.  The  ribbed-rubber  wheel  gives 
maximum  life  to  the  sanding  belt  coupled  with  efficient  metal  removal. 


Using  present  methods  of  grinding,  there  has  not  been,  any 
evidence  of  grinding  damage  of  cast  surfaces.  An  attempt  was  made 
to  damage  a  cast  titanium  specimen  by  poor  grinding  techniques.  The 
experiment  consisted  of  hand  finishing  the  specimen  on  a  grinding  belt 
using  abnormal !y  high  hand  pressures.  Microstiuctural  examination  of 
the  surface  did  not  reveal  any  discontinuities  in  the  ground  surface. 
The  experiment  tesuMed  in  destruction  of  the  grinding  belt. 
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Cleaning  of  Castings 


The  use  of  a  shot  type  abrasive  was  rot  suitable  for  cleaning 
castings.  Shot  blasting  does  not  adequately  remove  surface  oxides  or 
fused  graphite.  The  shot  provicbd  a  surface  deformation  action  whereas 
titanium  castings  require  an  abrasive  that  will  produce  a  cutting  action 
to  remove  the  surface  contaminants. 

Grit  blasting  of  castings  with  an  angular  abrasive  material  was 
a  sa  t  i  s  factory  method  of  cleaning.  The  angular  grit  cleaning  material 
produced  a  cutting  action  and  readily  removed  surface  oxides  and  graphite 
from  titanium  alloy  castings.  The  most  satisfactory  cleaning  material  of 
those  used  has  been  a  chilled  iron  blasting  grit.  The  material  continually 
breaks  up  to  produce  new  cutting  edges  and  as  used,  a  finer  surface  finish 
vws obtained.  Adding  a  small  quantity  of  new  material  at  frequent  inter¬ 
vals  maintains  the  cleaning  action  and  surface  finish  at  acceptable  stan¬ 
dards.  A  detrimental  effect  of  using  the  sharp  cast  iron  material  Is  the 
coating  of  the  cleaned  part  with  finely  divided  iron  particles,  which 
later  rust  with  detriment  to  appearance.  A  second  although  not  serious 
effect  of  the  use  of  iron  shot  is  possible  siow  build-up  of  the  iron  level 
in  chemical  analysis  of  the  cast  titanium  due  to  use  of  shot  blasted  scrap. 
This  effect  Is  not  serious  as  additions  of  new  material  dilute  the  Iron  to 
acceptable  levels.  If  necessary,  surface  contamination  by  iron  dust  can 
be  removed  by  light  pickling  of  the  scrap. 

Other  types  of  grit  used  were  "malleabrasive"  grits  of  various 
grain  sizes.  The  malleabrasive  grit  is  more  ductile  than  the  chilled  Iron 
grit  and  wears  by  deformation  rather  than  by  breakdown.  The  wearing 
action  causes  the  sharp  angular  structure  to  become  round  and  Ineffective 
In  removal  of  surface  oxides  and  fused  material.  The  material  gradually 
performs  as  shut  In  reduced  cleaning  effectiveness. 

Sand  blasting  of  cast  titanium  has  been  effective  in  producing 
a  fine  surface  finish  with  small  metaj  removal  rate.  Three  types  of  sands 
that  have  been  used  are  Garnet  sand.  Banding  sand,  and  Flint  sand  obtained 
from  Idaho  Garnet  Company,  Spokane,  Washington,  and  Ottawa  Silica 
Company,  Ottawa,  Illinois. 
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The  Garnet  sand  is  the  tougher  abrasive  and  holds  up  well 
during  use.  Metal  removal  is  slow,  therefore,  primary  cleaning  of 
surfaces  with  this  material  is  not  recommended.  Tha  material  used  was 
fairly  coarse  and  did  not  give  a  fine  appearing  surface  finish. 

The  Flint  sand  and  Banding  sand  provided  a  relatively  fine 
surface  finish.  These  were  used  as  a  secondary  cleaning  medium  to 
remove  any  iron  contamination  caused  by  the  initial  cleaning  with  the 
chilled  Iron  grit.  The  Flint  and  Banding  sands  have  rapid  breakdown 
characteristics  and,  after  one  hour's  use  the  major  portion  of  the  abra¬ 
sive  is  reduced  to  fines. 

Abrasive  tumbling  has  not  been  found  an  acceptable  method 
of  cleaning  cast  titanium.  The  abrasive  material  evaluated  was  Tumbiex 
"a"  No.  3,  an  Aiundum  material.  The  cast  titanium  specimens  were 
tumbled  In  the  abrasive  media  for  24  hours  to  determine  the  effectiveness 
in  surface  cleaning.  At  the  end  of  10  hours,  no  removal  of  the  oxide 
discoloration  layer  on  the  cast  surface  was  evident.  Surface  roughness 
was  reduced  at  16  hours  with  an  acceptable  product  at  24  hours.  The 
flash  and  burrs  on  the  specimen  were  not  removed  during  the  tumbling 
cycle  but  instead  had  a  polished  appearance.  It  should  be  noted  that 
this  was  a  limited  study  and  more  favorable  results  might  be  obtained 
through  more  trials  using  other  equipment  and  abrasives. 

Chemical  Removal  of  Surface  Material 


A  satisfactory  acid  solution  and  processing  techniques  were 
developed  for  chemical  removal  of  surface  material  from  the  castings. 
Fatigue  tension  tests  were  used  to  determine  the  necessity  of  this  step 
and  to  establish  the  amount  of  material  which  should  be  removed. 


The  chemical  removal  solution  developed  is  as  follows: 


15  to  25  07. ./gallon 
5  to  9  oz .  'gal  Ion 


N'tric  Acid 
Hydrochloric  Acid 
Ratio  H NO  3  HCL 
Free  Hydrofluoric  Acid  3  to  8  07,  yailur 
Acetic  Acid  or  ... 

Oxalic  A*-  id  (opr*:,!.} 

Discdiu  ..  ‘-..-i  ‘  '  . 

vVf-tti..-;  !  iv  ■  1  -  1 1 .  -S?  I-  |i 


in  A  r>7.  y>,i|o;i 
\  1  ■  >  An/.,  -Mil  i*.r 


■' ■-f.S!  I  !  | 
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This  solution  may  be  maintained  until  20  ounces  of  titanium  per  gallon 
of  solution  has  been  dissolved.  It  can  be  operated  at  90°F  to  130°F  to 
adjust  metal  removal  rate/  which  varies  From  .0003  to  .0015  inches  per 
minute  over  this  temperature  range.  To  maintain  a  reasonably  constant 
specific  removal  rate,  the  temperature  should  not  vary  more  than  five 
degrees  from  nominal  during  the  removal  operation. 

Before  being  chemically  cleaned  or  pickled,  the  castings 
must  be  abrasive  blasted  to  remove  any  mold  particles  or  oxidation. 

During  chemical  removal  several  dimensions  on  the  parts  should  be  fre¬ 
quently  spot  checked  for  thickness  control.  After  pickling,  the  castings 
must  be  water  rinsed. 

A  series  of  tension-tension  fatigue  tests  were  conducted  to 
establish  the  proper  amount  of  surface  removal  depth.  Specimens  were 
1/2-inch  gage  diameter  and  were  tested  In  the  following  conditions; 

(a)  As-cast,  with  normal  abrasive  cleaning, 

(b)  As  above  plus  chemical  removal  of  .005-inches  per 
surface, 

(c)  Same  as  (a)  plus  chemical  removal  of  ,010-lnches  per 
surface, 

(d)  Same  as  (a)  plus  chemical  removal  of  .015-Inches  per 
surface. 

The  specimens  were  tested  in  a  conventional  Sonntag  SF  -  10U  universal 
fatigue  testing  machine  at  1800  cycles  per  minute  and  a  stress  ratio  of 
R-.06.  The  specimens  were  ail  from  the  same  heat,  were  x-ray  inspected, 
and  the  acceptable  specimens  selected  to  randomize  quality. 

The  results  of  the  fatigue  tests  are  tabulated  in  Table  J16  and 
illustrated  by  S~N  curves  in  Fi'jureBOQ  In  general,  removing  only  .005 
inches  per  Surface  damaged  fatigue  Itie,  removing  .010  inches  per  sur¬ 
face  restored  the  fatigue  lift?  to  t!  at  of  the  as-cast  i  •nditior,  and  removal 
of  .015  inches  per  surface  pioviiii.il  si  gnii  leant  un  rovemc-ut  over  the  as- 
cast  condition. 
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It  is  recommended  that,  in  titanium  alloy  casting  applications 
requiring  best  fatigue  properties,  .015-inches  per  surface  be  chemically 
removed  using  the  solution  and  process  described. 


FIGURE  B30 

FATIGUE  PROPERTIES  OF  AS-CAST  AND  PICKLED  TI-6AI-4V  CAST  SPECIMENS 
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Development  of  Ti~6Al-4V  Alloy 

Early  In  this  program,  it  was  necessary  to  choose  an  alloy  for 
use  in  casting  trials,  mold  development  trials,  and  other  work  which 
could  not  be  delayed  until  alloy  development  studies  were  completed. 
Because  of  the  general  acceptance  of  the  6A1-4V  titanium  alloy  for 
wrought  products,  that  alloy  was  chosen  for  these  studies  with  the  In¬ 
tention  of  substituting  a  more  suitable  casting  alloy  when  one  was 
found.  As  discussed  In  the  portion  of  this  report  which  discusses 
general  alloy  development,  a  casting  alloy  significantly  better  than 
TI-6A1-4V  was  not  found. 

A  series  of  approximately  440  heats  of  Ti-6Al-4V  was  studied 
to  establish  effect  of  analysis  on  mechanical  properties,  practical 
analysis  limits,  practical  guaranteed  minimum  mechanical  properties, 
and  correlations  of  processing  variables  with  resulting  interstitial  levels. 

First,  frequency  distribution  bar  charts  (histograms)  were  pre¬ 
pared  to  show  the  distributions  of  oxygen,  nitrogen,  hydrogen,  carbon. 
Iron,  aluminum,  and  vanadium  which  were  characteristic  of  the  equipment 
and  practice  developed  in  this  program.  The  histograms  are  presented 
as  Figures  Cl  through  C7  .  Much  of  the  early  work  In  the  program  was 
done  without  concentrated  effort  to  maintain  close  control  of  chemical 
analysis,  since  other  variables  received  the  main  focus  of  attention. 

As  a  result,  a  fairly  wide  spread  of  analyses  was  obtained  which  proved 
of  benefit  in  studying  effects  of  analysis  on  properties. 

As  shown  In  Figure  Cl  ,  the  oxygen  content  varied  from  .08 
to  .37  per  cent  and  averaged  approximately  .21  per  cent.  This  high 
oxygen  range  Is  the  result  of  recycling  of  foundry  scrap,  since  from  .02 
to  .05  per  cent  oxygen  is  picked  up  during  each  mel$  and  recycling  of 
material  from  previous  heats  compounds  the  pick  up.  Because  of  the 
economic  necessity  to  use  foundry  and  other  titanium  alloy  scrap  In 
the  casting  process,  high  Interstitial  oxygen  contamination  has  been  a 
problem.  To  maintain  oxygen  at  acceptable  levels,  it  is  necessary  to 
occasionally  discard  a  pottion  of  the  normal  foundry  scrup  (gates,  risers, 
etc.)  and  dilute  the  oxygen  content  by  adding  low-oxygen  sponge  or 
electrode  stock  to  the  heat .  [herefor^,  the  amount  of  oxygen  that  can 
be  tolerated  os  o  maxima::!  in  otf.niu.n  alloy  castings  tins  a  significant 
bearing  on  trie  cost  of  t* *c ■  tir«'l  i  . 
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For  study  of  effects  of  each  specific  element  on  mechanical 
properties,  the  analysis  ranges  of  the  other  alloying  and  interstitial  ele¬ 
ments  were  restricted  to  closer-than-normaf  tolerances,  to  minimize 
obscuring  the  effects  of  the  element  in  question  by  effects  of  scatter  of 
the  other  elements.  In  the  case  of  oxygen,  only  those  heats  were  used 
which  were  within  the  following  analysis  limits: 

Nitrogen  .021  -  .032  percent 

Carbon  .10  per  cent  maximum 

Hydrogen  .010  per  cent  maximum 

Aluminum  5.8  -  6.2  per  cent 

Vanadium  3.8  -  4.2  per  cent 

This  left  135  heats  within  these  analysis  limits  having  mechanical  pro¬ 
perties  available,  with  oxygen  ranging  from  .07  to  .37  per  cent. 

Oxygen  was  then  plotted  against  ultimate  tensile  strength  (Figure C8) 
and  against  reduction  of  area  (Figure C9)  as  scatter  diagrams.  As  shown 
in  the  figures,  increased  oxygen  Increases  strength  with  fair  correlation 
and  decreases  ductility  with  considerable  scatter  In  individual  values. 

As  also  may  be  noted  in  the  scatter  diagram  for  oxygen  versus  reduction 
of  area,  average  reduction  of  area  decreases  as  oxygen  is  increased, 
but  the  minimum  reduction  of  area  does  not  appear  to  decrease  in  the 
range  of  oxygen  covered  (l.e.  up  to  about  .25  per  cent  oxygen).  Next, 
to  establish  the  allowable  production  maximum  for  oxygen,  all  heats 
which  fell  in  the  normal  analysis  range  (Al  5.5  -  6.5,  V  3.5  -  4.5, 

N  .07  max.,  C  .10  max.,  H  .015  max.,  Fe  ,30  max.)  excepi  for  oxygen 
were  separated  Into  groups  according  to  oxygen  contend  as  follows; 

Group  A  less  than  .16  per  cent  oxygen 

Group  B  .16  -  .21  per  cent  oxygen 

Group  C  .21  -  .26  per  cent  oxygen 

Group  D  .26  -  .31  per  cent  oxygen 

Histograms  far  ultimate  strength,  elongation,  and  reduction  of  area  were 
then  plotted  for  these  groups  and  are  presented  as  Figures  CIO,  Cll,  Cl2 
and  03.  Averages  and  standard  deviations  (  a  )  were  computed  for  each 
curve  using  the  conventional  statistical  analysis  method  for  the  "normal" 
frequency  curve.  (}t  should  be  noted  that  the  histograms  for  mechanical 
properties  are  not  "normal"  distributions  but  are  skewed  sliyhily  toward 
the  htgh~value  ends  of  the  curves,  resulting  In  conservative  minimum 
propeitles  since  the  standard  deviation  is  slightly  enlarged  by  the  high 
values  which  are  noi  undesirable  except  for  this  influence).  Two  standard 
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de.'iu.ior.s  vv.-ic  s^brr-jc.ed  fio.u  i!.c  i.v.-ingo  v  ilios  for  e<-ch  curve  to 
es.oblish  "niinirucms  “  for  ibis  s  ud, .  Design  allowable  mir.imurra  are 
discussed  later  in  ibis  report.  This  analysis  method  is  explained  in  trie 
appendix.  As  is  shown  by  the  his.ograrns  and  the  scatter  diagrams,  the 
average  and  minimum  values  for  ulrimate  strength  are  increased  as  oxy¬ 
gen  increases,  but  for  both  eiongarion  and  reduction  of  area  the  averages 
decrease  but  the  minimum  values  either  remain  fairly  constant  or  actually 
increase  due  ro  lesser  amounts  of  scatter  in  all  properties  as  oxygen  is 
increased.  As  a  result  it  is  advantageous  to  allow  .25  per  cent  as  a  max¬ 
imum  for  oxygen  in  titanium  castings  compared  to  the  .20  per  cent  maxi¬ 
mum  usually  allowed  in  wrought  products.  The  minimum  ultimate  strength 
is  increased  without  loss  in  ductility.  Consequently,  .25  per  cent  has 
been  established  as  a  maximum  for  oxyaen  in  the  specification  for  Ti- 

/  v  • 

6AI  -4V  castlnys. 


The  scatter  diagrams  for  nitrogen  show  that  it  strengthens  Tl- 
6AI-4V  considerably  without  detriment  to  ductility,  and  that  the  correlation 
between  analysis  and  properties  is  better  for  nitrogen  than  for  oxygen.  It 
may  be  desirable  to  establish  a  minimum  as  well  as  the  present  maximum 
analysis  value  for  nitrogen  to  take  advantage  of  its  strengthening  effect. 

This  was  not  done  since  nitrogen  independently  is  difficult  to  control 
but  as  is  shown  in  Figure  C16,  tends  to  be  high  when  oxygen  is  high. 

Since  recycling  of  foundry  scrap  is  desirable,  oxygen  content  will  nor¬ 
mally  be  near  the  high  limiting  value,  and  nitrogen  will  be  also  maintained 
at  a  relatively  high  value.  As  a  resuit,  the  minimum  design  values  established 
for  T1-6AI-4Y  during  this  program  may  possibly  be  increased  os  more  produc¬ 
tion  experience  is  gained  with  heuis  approaching  the  higher  analysis  limits 
for  oxygen  and  nitrogen. 


The  scatter  diagrams  and  analysis  comparisons  for  aluminum  and 
vanadium  show  negligible  effect  of  analysis  on  strength  or  ductility  for 
the  composition  ranges  typical  of  the  process.  For  these  histograms, 
ranges  for  the  other  elements  were  selected  to  the  following  limits' 


tor  study  c-l  . 
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Vanadium 
Oxygen 
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for  study  of  vanadium. 


Aluminum 

Oxygen 

Carbon 

Hydrogen 


5.8  -  6.2  per  cent 
.13-  .26  per  cent 
U  -  .  1 0  per  cent 
0  -  .01  per  cent 


The  study  of  carbon  showed  that  Increasing  carbon  provides 
slight  strengthening  effect  with  no  significant  effect  on  ductility  over 
the  normal  analysis  range. 


Considering  past  experience  with  wrought  alloys,  the  normal 
analysis  distributions  characteristic  of  this  process,  the  economics  of 
using  foundry  and  other  scrap  in  the  casting  process,  and  the  influence 
of  analysis  on  mechanical  properties,  the  following  analysis  limits  were 
established  as  controls  for  production  castings  of  the  T1-6AI-4V  alloy: 


Aluminum 

5.5  -  6.5  per  cent 

Vanadium 

3.5  -  4.5  per  cent 

Oxygen 

.25  per  cent  maximum 

Nitrogen 

.07  per  cent  maximum 

Carbon 

-10  per  cent  maximum 

Iron 

.30  per  cent  maximum 

Hydrogen 

.015  per  cent  maximum 

A  brief  study  of  the  effect  of  grain  size  of  cast  TI-6AI-4V  as 
affected  by  cooling  rate  during  solidification  consisted  of  pouring  a 
heat  of  TI-6AI-4V  Into  four  tensile  coupon  molds,  made  of  rammed 
graphite,  shell  graphite,  machined  graphite,  and  copper.  A  macro- 


photograph  of  the  sectioned  coupons 

i  s  shown 

as  Figi 

jre  Cl  7. 

The 

properties  of  tensile 

tests  of  these  coupons  were  as  follows: 

Y.T.S. 

Notch  * 

Mol  d 

1!  T  C 

*  i  .  a* 

long., 

R.  A., 

Tensile 

Materia! 

psi 

r 

o/ 

% 

r-  i  .1 

jifciiym 

Machined  Graphite 

i  3*>,  000 

116, 000 

7.6 

13.0 

205, 000 

Rammed  Grnnhite 

1 35, 000 

] ! 5,  000 

7  A 

f  •  yj 

1  O  A 
10.0 

194, 000 

Shell  Graphite 

1  37,  600 

] 20,  000 

5.5 

10.1 

198,000 

Cupper 

!  V ,  500 

1 13,000 

7.1 

8.3 

205, 000 

Hi-ul  H 


!25 ! 


Kt  -  3.37 
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It  was  concluded  that  the  various  molds  hud  insignificant  effect  on  mechan¬ 
ical  properties. 

The  as-cast  properties  of  the  I  its  of  Ti-6A1-4V  are  tabulated  in 

Table  J17. 


Elevated  temperature  properties  of  as-cast  Ti-6A1-4V  were  deter¬ 
mined  and  presented  in  Table  J18  und  Figure  08. 

Several  attempts  were  made  to  improve  the  strength  and  ductility 
of  the  TI-6AI-4V  alloy  by  heat  treatments.  The  first  trials  were  attempts  to 
modify  the  cast  shucture  by  cycling  through  the  beta-alpha  transformation 
temperature.  Next,  attempts  were  made  to  homogenize  the  structure  by 
longer  solution  times  than  are  used  for  forgings.  Neither  of  these  treatments 
produced  improvement  over  conventional  heat  treatments.  In  general, 
greeter  strength  with  concomitant  lower  ductility  was  obtained  at  higher 
solution  temperatures  and  lower  aging  temperatures.  As  solution  temperatures 
were  progressively  reduced  to  1550°  F  and  aging  temperatures  were  increased 
to  1100°  F  in  attempting  to  obtain  better  ductility,  ■■Ifimate  strength  increase 
over  the  as-cast  condition  was  in  the  order  of  15,000  psi  with  an  accompanying 
loss  of  ductility  to  about  one  half  the  as-cast  ductility  values.  Furnace  cool¬ 
ing  from  1500'  F  to  1000°  F  followed  by  air  cooling  resulted  in  reduced  duc¬ 
tility  with  no  increase  in  strength,  as  compared  to  as-cast  properties. 


Further  attempts  to  improve  the  ductility  of  cast  Ti-6Al-4V  con¬ 
sisted  of  annealing  for  two  to  eight  hours  at  1000°F  to  1200°F.  Although 
the  results  were  erratic,  the  annealing  at  1150°F  was  generally  slightly 
beneficial  to  ductility  without  affecting  strength.  At  the  other  temperatures 
tried,  no  advantage  in  annealing  was  found.  If  annealing  of  Ti-6Al-4V 
castings  is  desired  as  a  stress  relief  or  for  other  reasons,  the  1150°F  treat¬ 
ment  is  recommended.  The  carbon,  oxygen,  nitrogen,  iron,  and  chromium 
analyses  of  the  heats  used  for  the  annealing  treatment  investigation  were 
studied  to  determine  if  there  was  a  correlation  between  the  amounts  these 
elements  and  the  tendency  fot  ductility  to  be  increased  or  decreased  by 
annealing,  buch  correlation  v.-u>  n  . 


A  heat  treatment  was  developed  which  simultaneously  increased 
strength  and  ductility  by  significant  amounts,  however  the  heat  heat  merit 
was  considered!  loo  difficult  or  impossible  to  or  <  oii.piish  on  cast  shapes. 
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The  hour  treatment  corisisted  of  holding  at  1900°F  for  30  minutes, 
quenching  to  1250°F  in  less  than  six  Seconds,  hold  at  1250°F  for  8  hours, 
air  cool  to  room  tempera, ure,  heat  to  1500°F  and  hold  for  2  hours,  furnace 
cool  at  not  more  than  5F  per  minute  to  1000,  and  uir  cool.  This  treatment 
provided  approximately  3000  psi  strength  increase  with  an  increase  of  re¬ 
duction  of  area  of  5  per  cent.  A  further  solution  and  aging  treatment 
consisting  of  1650°F  for  20  minutes,  water  quench,  I000°F  for  4  hours, 
and  air  cool  resulted  in  a  strength  increase  over  as-cast  of  19,000  psi 
with  reduction  of  area  loss  of  3.5  per  cent. 

The  results  of  all  heat  treatment  trials  on  the  Ti-6Al-4V  alloy 
are  In  Table  J19. 


Development  of  Casting  Alloys  Other  Than  Ti-6A1-4V 

The  purpose  of  this  portion  of  the  work  was  to  develop  titanium 
casting  alloys  with  properties  superior  to  those  of  Ti-6AI~4V. 

The  as-cast  mechanical  properties  of  the  experimental  alloys 
are  in  Table  J20. 


Since  the  experimental  alloys  were  produced  from  new  sponge 
and  high  purity  alloying  elements,  the  carbon,  oxygen,  and  nitrogen  con¬ 
tents  are  generally  lower  than  normally  present  In  the  Ti-6Al-4V  heats 
which  were  produced  from  recycled  foundry  returns.  Consequently,  in 
some  instances  the  experimental  alloys  are  of  lower  strength  and  higher 
ductility  than  would  be  expected  if  they  were  used  in  normal  production. 


Several  elements  that  can  be  alloyed  with  titanium  to  strengthen 
the  alpha  phase  without  producing  the  beta  phase  in  the  room-temperature 
microstructure  are:  aluminum,  silicon,  carbon,  oxygen,  nitrogen,  tin, 
and  zirconium.  Since  alpha  alloys  do  not  respond  to  heGt-treatment, 
they  have  good  weldability.  Also  because  of  the  relatively  small  tempera¬ 
ture  difference  between  the  ilquidus  and  solidus  of  alloys  of  titanium  and 
these  elements,  it  would  be  expected  that  these  alloys  would  have  good 
fluidity  in  the  sense  of  ability  to  run  a  thin  section  without  coid  shuts  or 

.  __  i  _l ,  _  L  _  _  _  _  J  ^  J: _ ?  4.1  r  if* 

...iiiv.i*/  uiw  nviYU  ywu  icuumy  v.uu|  III  lilt?  Ur  tSflCJOIinQ 

risers  to  feed  relatively  long  distances  without  shrinkage  porosity.  Hence, 
it  was  hoped  that  an  alpha  alloy  would  be  found  useful  as  a  low-strength 
weldable  alloy  of  good  castabilify* 
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Elements  known  to  be  soluble  in  beta  titanium  and  which 
tend  to  make  the  beta  phase  stable  and  strengthen  it  are:  vanadium, 
manganese,  chromium,  iron,  coiumblum,  molybdenum,  nickel,  and 
hydrogen. 


Alloys  containing  manganese,  chromium,  iron,  and  nickel 
undergo  a  eutectoid  transformation  from  the  beta  phase  to  alpha  and 
form  inter-metallic  compounds  as  the  alloys  are  cooled  to  room  temperature. 
In  general,  as  the  rate  of  transformation  increases,  the  transformation 
temperature  and  the  alloy  content  or  the  eutectoid  composition  decreases 
for  alloying  elements  toward  the  right  side  of  the  periodic  table  and 
having  greater  differences  in  atomic  diameter  as  compared  to  titanium. 

With  the  elements  vanadium,  coiumblum,  and  molybdenum,  which  are 
not  as  far  to  the  right  of  titanium  In  the  periodic  table  and  have  atomic 
diameters  more  nearly  equal  to  that  of  titanium,  the  eutectoid  trans¬ 
formation  has  not  been  found  to  occur. 


The  5A|,  2  l/2Sn  alloy  and  the  8AI,  2Cb,  ITa  alloys  were 
tried  because  they  were  well-known  standard  alpha  alloys  at  the  time. 

The  6AI  and  8AI  alloys  were  tried  because  investigations 
by  others  had  indicated  that  aluminum  strengthens  titanium  in  additions 
up  to  approximately  8  per  cent. 


The  2Cu  and  the  6AI  -  2Cu  alloys  were  tried  because  the  equili¬ 
brium  diagram  for  Ti-Cu  Indicates  that  Ti  2Cu  can  be  precipitated  from 
alpha  titanium.  It  was  hoped  that  age  hardening  could  be  obtained  In 
these  alloys  and  that  in  the  second  alloy,  additional  solid  solution  harden¬ 
ing  would  be  obtained.  The  3Mo  -  l/2Be  alloy  was  tried  for  this  same 
reason. 


The  6AI  -  ISi  alloy  was  hied  in  a  folio  w-on  of  work  performed 
at  Watertown  Arsenal . 

When;  u  high  d'j-  itl»iy  .  <.!  :  . ! t-;  nll.iv  desired,  ii~2Cu 
('■I  loy  4i  )  appeals  h-  have  ;,■:>!•<  ifi-  -  ;  e-i-.v  ■!.-!  .iii'/t  ■'  ii  emliim 

1  o  >1  ibi  h  t  •  i '  i  !h;I  >i  |ii  ‘is  i  *  .  ■■  •  iLiti.i !  /  jo  fli'i’  .  io  a  I  pi  ro  is 
present  al  toom  feii.pd  ii  hi  .  uppi  j..  .n  ly  i ;?  p:  .  v-  ,-i  vanadium  ui 
1  '■  net  .•  ft- It  f-.ns.h.i  ■  !,  i.-p  ■  »V  !  .  i  ;h\  •  filLiys 
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these  relatively  large  additions,  it  was  believed  that  vanadium  would  be 
preferred  to  molybdenum  because  of  density  considerations. 

To  gain  additional  hardening  by  means  of  the  eutectoid  re¬ 
action,  a  Ti-15Mo-6V-2Ni  alloy  was  cast.  In  an  attempt  to  speed  up 
the  eutectoid  reaction  rate,  a  Ti-5Mo-6V-2Ni-2AI  alloy  was  cast  and 
tested . 


To  investigate  the  possibility  of  decreasing  the  required  aging 
time  of  the  B  120  VCA  type  of  alloy  by  changes  in  the  aluminum  content, 
the  following  alloys  were  cast; 

Ti-13V-l  iCr 
Ti-l3V-l  ICr-T  -5AI 
TM3V-1  lCr-2.5Al 
TI-13V-1  lCr-4Al 

Considering  as-cast  properties  only,  the  following  alloys  had 
properties  similar  to  Ti-6A|-4V: 

5Al-2.5Sn  (Alloy  6) 

13V-1  ICr-l  .5AI  (Alloy  11) 

13V-1  lCr-2.5AI  (Alloy  12) 

!3V-llCr-4Al  (Alloy  13) 

5. 5AI-5. 5V- . 5Fe-2Sn- . 25Cu  (Alloy  16) 

7Al-3Mo  (Alloy  19) 

6.5Al-3.5Mo-IV  (Alloy  29} 

6AI-15J  (Alloy  47) 

6Al-6V-2Sn  (Alloy  49) 

2Al-9Zr-13Sn  (Alloy  50) 

The  following  alloys  could  be  expected  to  be  in  the  same  properties  class 
as  T1-6AI-4V,  if  at  the  normal  interstitial  levels: 

4Ai-3Mo-lV  (Alloy  27) 

8Al-bZr-.5Cb-.5Ta  (Alloy  45) 
oAM Si  (Alloy  47) 

6A1-4V-.5W  (Alloy  55) 

6Ai -4V-.5Ta  (Alloy  56) 
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Since  these  alloys  did  not  appear  to  be  superior  to  the  6AI-4V 
alloy,  work  on  these  uiloys  was  discontinued,  it  appears  thuf  the  alloys 
of  the  following  types  may  be  superior  to  Ti-6Al-4V; 

4Al-4$n-8Zr-lFe-lV-lCr  (Alloy  60) 

4Al-4Sn-8Zr  (Alloys  59  and  64) 
4AI-4Sn-8Zr-1.5Fe-1.5V-K5Cr  (Alloy  105) 
4AI-4Sn-8Zr-.5Fe-.5V  .5Cr  (Alloy  106) 

4Al-4Sn-8Zr-2V  (Alloy  108) 

4Ai-4Sn-10Zr-2V  (Alloy  110) 

4Al-6Sn-8Zr-2V  (Alloy  111) 

6AI-4Sn-8Zr-2V  (Alloy  112) 

Additional  study  will  be  required  to  determine  the  best  range  of  elements 
for  this  type  of  alloy. 

The  results  of  mechanical  property  tests  on  heat  treated  experi¬ 
mental  alloys  are  given  In  Table  J2i  . 

Most  of  the  beta  and  alpha-beta  alloys  could  be  strengthened  by 
solution  treat  and  age  type  of  heat  treatments.  However  the  increase  in 
strength  was  accompanied  by  loss  in  ductility.  In  general,  at  any  given 
strength  level  an  as-cast  alloy  can  be  found  that  is  as  strong  and  Is  more 
ductile  than  an  alloy  that  was  strengthened  by  heat  treatment.  Therefore, 
hardening  heat  treatments  are  not  recommended  for  the  cast  titanium  alloys. 


N 


_ .l. _ i  _r  u._ _ _  _)} _ — l  _ I 
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candidates  were  further  screened  by  a  heat  treatment  to  test  "thermal  stability 
This  consisted  of  heating  for  up  to  80  hours  at  temperatures  from  600  to  1000°F 
The  following  were  embrittled  by  these  treatments  and  were  eliminated  from 
further  consideration  because  they  would  not  he  suitable  for  service  in  this 
temperature  range: 


13V-I  lCr-1 ,5Ai  {Alloy  jit 

8V-5F e-1  Al  (Alloy  1 

4A 1  -8  S  n  -  8  / !  -  !  ft-  !  V  i  <  : ■  -■  60 ) 

4Al  -4Srt-8 2r - 1  .  i' t;  -  •  o'  i  i Alloy  i 'Jh} 

4A,  I  Alloy  MV;! 


T*>e  6A1  4V,  /'  —  :  !  -1 

(:u lay  1 08)  nib.,  >  ■  ■■  • 

is  stieiinihf.-i--  ■  - 
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The  chemical  analyses  of  uli  heats  In  this  program  are  given 
in  Table  J22. 

The  following  conclusions  were  reached  as  results  of  the  alloy 
development  studies: 

(a)  At  the  present  stage  of  development,  unalloyed  titanium 
and  Ti-6Al-4V  are  suitable  for  "standard"  casting  alloys. 

(b)  Ti-2Cu  has  ductility  superior  to  unalloyed  titanium  which 
has  been  hardened  to  the  same  strength  level  through  in¬ 
terstitial  additions. 

(c)  The  properties  of  an  alloy  of  titanium  containing  four  to 
six  per  cent  aluminum,  four  to  six  per  cent  tin,  eight  to 
ten  per  cent  zirconium,  and  two  to  four  per  cent  vanadium 
are  slightly  better  than  those  of  TI-6AI-4V.  Additional 
work  Is  needed  to  establish  the  best  composition  and  in¬ 
terstitial  levels  of  this  type  of  alloy. 
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FIGURE  C! 

OXYGEN  ANALYSIS  DISTRIBUTION  IN  CAST  Ti-6Al-4V 
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FIGURE  C2 

NITROGEN  ANALYSIS  DISTRIBUTION  IN  CAST  TI-6AI-4V 
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FIGURE  C3 

HYDROGEN  ANALYSIS  DISTRIBUTION  IN  CAST  Ti-6AI-4V 
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FIGURE  C8 

SCATTER  DIAGRAM  -  OXYGEN  VS.  ULTIMATE  STRENGTH 
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FIGURE  C9 

SCATTER  DIAGRAM  -  OXYGEN  VS.  REDUCTION  OF  AREA 
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FIGURE  CIO 

FREQUENCY  DISTRIBUTIONS  FOR  ULTIMATE 
STRENGTH  FOR  VARIOUS  OXYGEN  RANGES 
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FIGURE  Cll 


FREQUENCY  DISTRIBUTIONS  FOR  REDUCTION 
OF  AREA  FOR  VARIOUS  OXYGEN  RANGES 
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FIGURE  C12 

FREQUENCY  DISTRIBUTIONS  FOR  ELONGATION 
FOR  VARIOUS  OXYGEN  RANGES 
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FIGURE  C13 

(FIGURE  12  CONTINUED) 
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FIGURE  C14 

SCATTER  DIAGRAM  -  NITROGEN  VS.  ULTIMATE  STRENGTH 
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FIGURE  C15 

SCATTER  DIAGRAM  -  NITROGEN  VS.  REDUCTION  OF  AREA 
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FIGURE  C16 

SCATTER  DIAGRAM  -  NITROGEN  VS.  OXYGEN 


— 

« 

— 

• 

f 

i 

• 

• 

♦ 

*•  * 

*  *  • 

♦  • 

•  M  H<  • 

• 

• 

• 

t 

• 

•* 

♦  M* 

« 

*  N  4.  M  t)t  . 

•hr  •*  •••  4 

•U  m*  M  a 

M  • 

•••  A  w  • 

!  .{.  tt!  a~  U. 

.  t|l  ~  -  M 

.  .Jt  4* 

•  M*  *M  *  *• 

•  •  *  •  N 

•  * 

•  « 

M  •  • 

• 

• 

■ 

i 

-  M  • 

♦  «•» 

«  •  *  • 

■  *  •  • 

*  • 

• 

• 

* 

i 

•  •  a* 

•  * 

*  • 

•  • 

»  *  • 

• 

« 

« 

• 

^1 

■ 

■ 

■ 

■ 

HJ..L1..1. 

LLLL 

Lin 

• 

_LLU_ 

-LLLL 

HU 

1 

■ 

I 

R 

.010  .013  .020  .025  .030  .033  .040  .043  .050  .055 


NITROGEN,  PERCENT 


C28 


ALLOY  DEVELOPMENT 


D2-2786-8 


FIGURE  C17 

EFFECT  OF  COOLING  RATE  ON  MACROSTRUCTURE 


Copper  Hammed  Shell  Macnined 

Hold  Graphite  Mold  Grapnite 

Mo 1 d  Mo 1 d 

Samples:  Test  coupons  of  o— '»  a!  loy  east  ip.  different  mold  materials. 
Mag .  1  X 

Structure:  Note  refinement  of  grain  resulting  from  fast  cooling  in 

copper  mold  and  directional  solidification  developed  in 
slower  cool  inq  of  iu:‘»->-d  graphite  material. 
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Selection  of  Components 


Five  parts  were  selected  for  use  as  developmental  shapes  in 
this  program.  The  parts  represent  a  variety  of  casting  problems  and  are 
considered  typical  of  structural  members  which  would  be  desirable  as 
castings. 


The  following  parts  were  selected: 

(1)  Developmental  Brocket 

A  sketch  and  a  reduced  size  drawing  of  the  Develop¬ 
mental  Bracket  are  shown  as  Figures  Di  and  D2 .  This 
part  Is  not  an  actual  production  component,  but  was 
designed  specifically  for  development  work  on  castings 
and  forgings.  As  a  shape,  it  Is  difficult  to  forge  or 
cast  because  of  the  adjacent  heavy  and  thin  sections, 
the  high  thin  flanges,  and  the  thin  confined  web.  The 
part  is  somewhat  typical  of  airframe  structural  detail 
and  is  small  and  economical  to  produce,  machine  into 
a  finished  part,  and  test.  The  Developmental  Bracket 
was  used  for  much  of  the  basic  development  work  in 
this  contract.  As  a  titanium  casting,  the  machined 
shape  weighs  approximately  2.2  pounds. 

(2)  Flap  Track  Support  Link 


A  sketch  and  a  drawing  of  this  part  are  shown  as  Figures  D18 
andDl9.  This  Is  a  redesigned  KC-135  Tanker-Transport 
structural  brace,  presently  forged  from  AISI  4140  or 

O*"*  -  *  ti  .  i  .  .1  i  nr-.  r\f\s\  i  •  i,* 

O /  W  STetJi  ana  nyuj  ij-euitju  iu  me  tou  -  z.uu  km  um.nuit: 
tensile  strength  range.  Four  of  this  configuration  are 
used  per  airplane.  The  machined  component  weighs  2.9 
pounds  as  a  titanium  casting. 
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(3)  Sway  Brace  Case 

This  Is  a  B-52  Bomber  component,  essentially  a 
spring  casing,  presently  used  as  an  AISI  type  410 
steel  rough  centrifugal  casting  heat  treated  to 
150  -  170  ksi  ultimate  tensile  strength.  The  machined 
titanium  part  weighs  7.75  pounds.  There  are  eight 
used  per  airplane.  Conversion  to  a  titanium  casting 
would  save  46  pounds  per  airplane.  A  sketch  and  a 
drawing  of  this  part  are  shown  as  Figures  D32  and  D33. 

(4)  Elevator  Torsion  Fitting 

A  sketch  and  a  drawing  of  this  component  are  shown 
as  Figures  D36  and  D37.  The  part  is  a  redesigned 
structural  component  that  converts  rotation  of  an 
input  shaft  to  change  of  attack  angle  of  thehori- 
zontal  stabilizer  on  the  Bomarc  missile.  The  fitting 
is  designed  for  rigidity  and  is  presently  an  AISI 
type  410  steel  casting  heat  treated  to  180  -  210  ksi 
ultimate  tensile  strength.  One  left  and  one  right 
hand  versions  of  this  component  are  used  per  missile 
and  weight  4.48  pounds  each  as  machined  titanium 
castings. 

(5)  Inboard  Horizontal  Stabilizer  Rib 

A  sketch  of  this  component  Is  shown  as  Figure  D4~. 

The  corresponding  production  component  controls 
angle  of  attack  and  attaches  the  horizontal  stabilizer 
to  the  fuselage  of  the  North  American  Aviation  A3J-1 
Airplane.  The  production  part  was  initially  designed 

ond  nroriurpd  m  n  titanium  nllnv  fnrninn  ti*»at  troatorl 

■  -  -  -  .  ...  f  o  - -  ■  —  — 

to  150  ksi  ultimate  strength  but  was  later  changed  to 
a  steel  forging  to  increase  rigidity.  The  titanium 
forging  weighed  160  pounds  and  was  machined  to 
37  pounds.  This  component  was  selected  as  a  large 
casting  which  approached  the  size  limitation  of  the 
available  casting  equipment.  The  part  was  not  satis¬ 
factorily  developed  as  a  casting. 
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Casting  of  The  Developmental  Bracket- 

A  sketch  and  drawing  of  the  Developmental  Bracket  are 
shown  as  Figures  Dl  and  D2. 

The  Bracket  was  first  statically  cast  in  both  machined 
graphite  and  rammed  graphite  molds  using  the  Ti-6Al-4V  alloy. 

These  first  castings  were  produced  without  the  optional  holes  in  the 
web,  and  contained  dispersed  shrinkage  In  the  web.  This  design, 
when  produced  in  a  machined  graphite  mold  with  a  machined  graphite 
core  to  form  the  web  and  inside  surfaces  of  the  flanges,  also  had 
extensive  cracks  in  the  web  area  because  the  high  strength  of  the 
machined  graphite  restrained  contraction  of  the  metal  during  cooling 
after  solidification.  The  casting  was  again  produced  in  the  machined 
mold  using  a  rammed  graphite  core  with  no  cracking. 

Following  further  tests  to  verify  the  dispersed  shrinkage 
distribution  in  the  web  area,  the  patterns  were  modified  to  include 
the  optional  holes  through  the  web  and  castings  were  then  produced 
in  both  machined  and  rammed  graphite  molds.  The  addition  of  the 
holes  greatly  improved  the  feeding  characteristics  of  the  web  and  re¬ 
lieved  the  problem  of  web  cracking  when  machined  graphite  cores 
were  used. 


Experience  with  this  design  made  it  apparent  that  the  con¬ 
ditions  which  produced  web  soundness  were  borderline,  since  several 
of  the  castings  produced  had  some  shrinkage  in  the  web  area.  A 
typical  risering  and  gating  technique  for  static  casting  the  Bracket 
is  shown  in  Figure  D3  .  Risers  were  located  at  each  of  the  lugs, 
which  represent  three  isolated  thermal  centers.  Gating  to  the  mold 
was  through  the  risers  so  that  risers  would  fill  last  and  thus  provide  a 
greater  temperature  gradient  from  casting  to  riser. 

Casting  made  In  machined  graphite  molds  generally  ex¬ 
hibited  a  surface  roughness  visually  comparable  to  a  150  RMS  finish. 
In  general,  the  surfaces  at  castings  produced  in  rammed  graphite 
molds  were  rougher  than  those  in  the  machined  mold,  in  the  order  of 
1 20  to  300  RMS . 
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FIGURE  02 

DEVELOPMENT  BRACKET 
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Next,  the  shrinkage  condition  in  the  flanges  was  experi¬ 
mentally  improved  by  adding  a  three  degree  taper  to  the  exterior  of 
the  flanges,  from  the  midpoint  of  the  flange  toward  the  riser  connec¬ 
tion.  This  reduced  the  shrinkage  to  very  minor  areas  near  the  flange- 
to-web  intersection.  Incorporation  of  a  one  degree  taper  from  the 
center  of  the  web  toward  the  flanges  further  Improved  the  soundness 
to  the  point  where  shrinkage  was  no  longer  a  problem  in  the  web  and 
flanges.  The  corebox  was  then  modified  to  provide  the  flange  taper 
on  the  inside  of  the  flange  to  incorporate  the  web  taper.  It  became 
Increasingly  obvious  as  shrinkage  was  eliminated  that  gas  porosity 
was  a  major  problem. 

The  initial  trials  of  centrifuge  casting  the  Developmental 
Bracket  utilized  machined  graphite  molds  with  machined  or  shell 
graphite  cores  to  proviae  the  web  and  inner  flange  surfaces.  Cen¬ 
trifuge  casting  at  850  RPM  (160  G’s)  resulted  In  nearly  sound  castings 
with  slight  shrinkage  porosity  in  the  heavy  section  at  the  small  end 
of  the  part. 

An  additional  casting  was  then  made  using  a  shell  core 
with  a  larger  Ingate  to  feed  the  small  end.  This  casting  was  also 
centrifuge  cast  at  850  RPM  in  a  16-inch  diameter  mold  and  had  satis¬ 
factory  soundness  In  the  problem  area.  Surface  quality  of  the  casting 
was  poor,  because  of  n^r^t-mrlon  of  mete!  Into  the  core  in  the  web 
and  flange  areas.  The  core  material  was  easily  removed  from  the  casting 
by  sand  blast,  but  a  rougn  surface  remained  on  the  casting.  The 
roughness  is  attributed  to  lack  of  density  at  those  surfaces  of  the  core 
which  are  vertical  in  the  corebox  and  did  not  receive  adequate  packing 
during  shell  molding. 

A  photograph  of  three  casting  made  with  the  above  mold 
arrangements  is  shown  in  Figure  D4. 

The  Developmental  Bracket  was  next  cast  by  centrifuging 
in  multiple  cavity  molds.  The  arrangement  illustrated  by  Figure  D5 
was  poured  in  a  horizontal  axis  centrifuge  casting  furnace.  The  photo¬ 
graph  shows  the  front  of  the  mold  as  poured.  The  mold  was  rotated 
counterclockwise  at  approximately  900  RPM.  This  arrangement  was 
used  to  provide  "bottom  pouring”  into  the  mold  cavity  to  prevent 
outward  impingement  of  metal  directly  into  the  mold  cavity.  The 
metal  enters  the  gates  and  is  accelerated  outward  to  the  ends  of  the 
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gates,  fills  them,  and  then  enters  the  mold  with  little  turbulence.  The 
castings  produced  were  sound  except  for  a  shrinkage  cavity  in  the  large 
lug  which  is  not  connected  to  the  Ir.yate,  caused  by  the  necessity  for 
this  flange  to  be  fed  through  the  relatively  thin  sections  between  the  two 
heavy  lugs. 


The  castings  shown  in  F5gureD6  were  co^t  in  the  vertical 
axis  furnace  and  were  gated  and  risered  at  each  heav;  lug.  These 
castings  were  x-ray  sound  but  had  slight  surface  laps  or  shuts  along 
the  lower  flange,  caused  by  metal  entering  from  the  top  gate  and  flowing 
to  meet  the  metal  from  the  bottom  gates. 


The  casting  setup  shown  in  FigureD7was  a  variation  used 
in  an  attempt  to  prevent  surface  laps.  However  this  setup  produced 
heavy  surface  laps  because  of  too  rapid  filling  of  the  mold  cavity. 

The  angle  of  the  surface  lap  indicated  a  necessity  for  repositioning  the 
mold  in  addition  to  a  new  gating  arrangement.  The  results  from  this 
casting  experiment  Indicated  that  In  centrifugal  casting,  it  is  necessary 
that  each  end  of  the  mold  cavity  be  at  an  equal  radius  from  the  central 
sprue  la  permit  even  filling  of  the  mold  cavity. 


The  casting  setup  shown  in  Figure D8 was  to  determine  the 
effect  of  higher  casting  forces  on  the  outside  mold  and  a  new  gating 
arrangement  on  the  Inside  molds.  The  as-cast  surface  from  the  outside 
mold  was  improved  slightly,  and  that  from  the  inside  mold  was  greatly 
improved.  |t  Is  apparent  that  a  reverse  gating  system  Is  necessary  to 
introduce  a  low-turbulence  flow  of  metal  into  the  mold  cavity. 

The  setup  shown  in  Figure D9did  not  Improve  the  casting 
surface  to  any  great  extent.  The  single  gating  arrangement  did  not 
reduce  the  turbulence  for  proper  filling  of  tin-  mold  cavity. 


_ t _ _  _  s  « 
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The  setup  shown  in  Figure  DlOillustr 
in  gating  systems  and  mold  position  as  a  result  of  previous  experimental 
heats.  The  mold  position  was  changed  such  that  a  line  through  the  mold 
cavity  would  be  perpendicular  to  a  iine  from  the  center  sprue.  This 
position  permits  low-turbulence  filling  of  the  mold  cavity.  The  gate 
pipe  feeding  the  ingatss  to  the  mold  cavity  has  bees  reduced  In  'Ge 
after  the  first  gate  opening  to  create  a  slight  pressure  head  at  the  first 
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jngate.  This  method  of  gating  was  to  provide  equal  flow  of  metal  Into 
each  of  the  ingates.  However,  the  small  Ingates  (1  *  O.D.)  did  not 
permit  the  metal  to  enter  at  the  proper  rate  and  some  surface  laps 
appeared  as  shown  in  the  sketch  in  Figure  DIO. 

The  photograph  in  Figure  Dll  illustrates  a  setup  similar 
to  that  shown  in  Figure  DIO  with  a  gating  change  that  increased  the 
ingate  into  the  mold  to  1  1/4"  O.D.  This  Increase  In  gating  size 
further  improved  the  surface  finish  obtained. 

The  casting  setup  shown  in  Figure  D12  Is  the  same  as 
shown  in  Figure  D1 1 .  The  variation  in  casting  was  to  increase  the 
centrifugal  forces  by  rotating  at  215  RPM  (25  G's  force  at  the  cavity). 
The  surface  finish  of  the  castings  produced  was  not  improved  over 
previous  castings  cast  at  140  RPM  (12  G's).  The  noticeable  difference 
was  that  the  surface  laps  were  only  on  the  straight  flange  and  the 
angular  flange.  There  was  no  change  in  metal  penetration  of  the 
shell  core  or  the  rammed  graphite  mold.  It  was  concluded  that  the 
relatively  high  rotating  speed  was  not  advantageous  as  there  was  no 
improvement  In  surface  finish.  The  effects  of  centrifugally  casting 
at  high  speeds  will  become  Important  where  molds  are  stacked  inwards 
towards  the  center  of  the  sprue,  enabling  rotation  at  high  enough 
speeds  to  obtain  x-ray  sound  castings  at  the  inner  locations  without 
detriment  to  the  molds  rotating  at  high  speeds  nearer  the  periphery  of 
the  plate. 


The  photographs  shown  in  Figure  D13  illustrate  the  casting 
setup  used  to  test  a  higher  production  experimental  pour.  The  top 
photograph  illustrates  the  arrangement  of  four  molds  on  the  central 
sprue  and  the  bottom  photograph  shows  the  gating  system,  developed 
in  the  previous  cxpcnrucnful  cusfiny  letups* 

Of  the  entire  quantity  of  castings  produced  in  these  trials, 
only  two  experimental  heats  failed  to  yield  x-ray  sound  castings. 
One  of  the  two  heats  was  re) ec table  because  of  gas  porosity.  It  was 
centrifugally  cast  at  only  5  G's  force  which  is  evidently  too  slow  to 
completely  remove  gas  porosity.  The  second  heat  was  rejectable  because 
of  shrinkags  porosity  and  was  made  with  the  molds  reversed  such  that  the 
risers  had  insufficient  effect  in  feeding  shrinkage  prone  areas. 
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Next,  the  Bracket  was  experimentally  cast  using  a  variety 
of  mold  setups  aimed  at  the  development  of  an  Improved  gating  system 
and  of  multiple-mold  centrifugal  production  setups.  Radiographically 
sound  castings  were  consistently  produced. 

Figure  D14  illustrates  a  setup  of  two  castings  produced  with  a 
two-Ingafe  mold-filling  system.  The  molds  are  attached  to  the  periphery 
of  the  runner  bars  with  vertical  ingates  feeding  the  risers.  The  runner 
bar  is  reduced  in  size  after  the  first  ingate,  to  create  a  pressure  head 
and  increase  the  metal  flow  through  the  first  ingate,  thus  providing  a 
more  uniform  filling  of  the  mold  cavity.  This  change  in  the  gating  system 
for  the  Bracket  was  made  to  prevent  surface  laps  in  the  castings  caused 
by  turbulent  mold  filling.  Examination  of  the  castings  showed  them  to 
be  free  of  such  laps. 

Figure  D15  shows  a  four-casting  arrangement  and  an  eight- 
casting  arrangement  used  in  developing  multiple-mold  production 
setups.  Visual  examination  showed  these  castings  also  to  be  free  of 
surface  laps. 


In  this  production-setup  work,  the  approach  taken  was 
to  use  a  casting  method  which  has  been  proven  successful  for  small 
pours  (as  illustrated  in  Figure  DI3),  and  adapt  the  method  for  increased 
numbers  of  molds  until  a  maximum  is  reached  as  dictated  by  equipment 
size.  Figure  DI6  illustrates  the  pouring  setup  used  for  casting  a  16-mold 
production  arrangement.  This  was  found  to  be  the  maximum  number  of 
castings  that  can  be  made  under  the  existing  casting  conditions.  The 
setup  consists  of  eight  stacks  of  two  molds  each.  The  molds  are  attached 
to  a  runner  bar  and  gate  mold  of  rammed  graphite.  The  lower  photo¬ 
graph  in  Figure  D16  shows  the  setup  after  pouring  was  completed.  Very 
little  metal  was  lost  through  splashing  and  spilling  from  the  sprue. 

Figure  D17  is  a  photograph  of  castings  produced  In  the  setup 
shown  In  Figure  Di6.  Visual  examination  showed  these  castings  to  be 
free  of  surface  laps. 

X-rays  of  the  16  castings  made  in  the  first  maximum  production 
pour  revealed  a  void  in  15  of  them.  These  voids  were  all  located  in  the 
same  portion  or  the  casting  The  cause  of  the  void  has  been  traced  to  the 
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TYPICAL  RISERING  AND  GATING  TECHNIQUE 
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FIGURE  D6 


BRACKETS  CENTR1FUGALLY  CAST 
AT  125  RPM  (10G) 

Rammed  Graph! te  Mold,  Shell  Core 

Below:  Castings  were  X-ray  Sound 
Surface  Showed  Slight  Laps 


D2-2786-8 


CASTING  OF  SHAPES 


D15 


FIGURE  D7 


BRACKETS  CENTRIFUGALLY  CAST 
AT  125  RPM  (10G) 

Rammed  Graphite  Mold,  Shell  Core 

Below:  Castings  were  X-ray  Sound 
Surface  Showed  Heavy  Laps 
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BRACKETS  CENTR1FUGALLY  CAST 
AT  140  RPM  (OUTER  126,  INNER  106) 

Rammed  Graphite  Mold,  Shell  Core 

Below:  Inner  Castings  Had  Light  Laps, 
Outer  Had  Medium  Laps.  Both 
were  X-ray  Sound 
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BRACKETS  CENTRIFUGALLY  CAST 
AT  137  RPM  (12G) 

Rammed  Graphite  Mold,  Shell  Core 


Below:  Casting  was  X-ray  Sound 
Surface  Had  Medium  Laps 
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BRACKETS  CENTR1FUGALLY  CAST 
AT  130  RPM  (10G) 

Rammed  Graphite  Mold,  Shell  Core 

Below:  Casting  was  X-ray  Sound 
Surface  Had  Slight  Laps 
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BRACKETS  CENTRIFUGALLY  CAST 
AT  130  RPM  (10C) 

Rammed  Graphite  Mold,  Shell  Core 

Below:  Casting  was  X-ray  Sound 
Surface  Had  Slight  Laps 
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FIGURE  DI2 


BRACKETS  CENTRIFUGAILY  CAST 
AT  21 5  RPM  (25G) 


Rammed  Graphite  Mold,  She!!  Core 

Below:  Casting  was  X-ray  Sound 
Surface  Had  Medium  Laps 
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BRACKETS  CENTRIFUGALLY  CAST 
AT  135  RPM  (12G) 


Rammed  Graphite  Molds,  Shell  Core 
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FIGURE  D14 

CENTRil-UGALLY  CAST  DEVELOPMENTAL  BRACKETS 


Two-Casting  Arrangement 
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FIGURE  D15 

CENTRIFUGALLY  CAST  DEVELOPMENTAL  BRACKETS 


Four-Casting  Arrangement 


Eight-Casting  Arrangement 
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FIGURE  D16 

SIXTEEN-MOLD  CENTRIFUGAL  SET  UP 
FOR  DEVELOPMENTAL  BRACKET 


Before  Poor 
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method  of  feeding  the  upper  riser.  An  analysis  of  the  gating  system 
showed  that  a  large  volume  of  metal  was  being  fed  through  a  thin  web 
to  the  riser,  from  where  it  was  subsequently  fed  back  to  the  casting. 

This  situation  caused  improper  thermal  gradients  to  be  set  up  across 
the  riser  and  casting. 

The  gating  system  for  this  part  was  then  revised  to  allow 
metal  to  flow  to  the  mold  cavity  through  each  of  the  three  risers  as 
shown  in  Figure  D6.  The  surfaces  of  castings  made  with  this  system 
were  found  tobe  free  of  visible  laps,  and  x-rays  showed  them  to  be 
sound.  This  mold  arrangement  was  used  to  produce  the  pilot  pro¬ 
duction  lot  of  50  castings. 

To  obtain  the  production  lot  of  50  parts,  it  was  necessary 
to  cast  five  heats,  a  total  of  80  castings.  The  rejection  rate  was 
approximately  33  per  cent,  of  which  half  the  rejections  were  because 
of  surface  defects  and  the  remainder  because  of  Internal  (radiographic) 
defects.  The  foundry  yield  (acceptable  casting  weight/weight  of  poured 
metal)  was  In  the  order  of  14  per  cent. 

Of  the  castings  shipped,  none  were  entirely  within  the 
dimensional  tolerances  established  as  targets  early  in  the  program  or 
within  the  tolerances  later  established  as  representative  of  this  process, 
mostly  because  of  pattern  errors  which  were  not  corrected  before  be¬ 
ginning  the  production  phase.  All  of  the  shipped  castings  were  x-ray 
acceptable.  The  ranges  of  deviation  from  average  of  several  specific 
dimensions  on  the  50  production  phase  parts  was  determined  and  is 
discussed  in  the  section  of  this  report  dealing  with  development  of 
specifications.  Representative  tolerances  were  statistically  developed 
from  these  data. 

Casting  of  The  Flap  Track  link 

A  sketch  and  drawing  of  this  component  are  shown  in 
Figures  D18  and  D19.  Initial  design  of  this  casting  included  a  cored 
hole  through  the  cylindrical  portion,  but  this  requirement  was  removed 
in  favor  of  machining  the  bore  when  it  did  not  core  satisfactorily. 
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The  Initial  castings  were  made  in  rammed  graphite  molds 
with  rammed  and  with  machined  graphite  cores.  The  first  results  ob¬ 
tained  were  considered  generally  good.  The  tool  hold-down  lugs 
(along  the  flanges  reinforcing  the  tubular  section)  represent  Isolated 
thermal  centers  that  caused  shrinkage  voids.  Other  Isolated  shrinkage 
areas  are  located  at  the  junction  of  the  tubular  portion  and  Hie  trans¬ 
verse  flange  at  the  wide  end  of  the  part.  A  photograph  of  the  first 
casting  made  is  shown  as  Figure  D20.  The  gating  and  risering  setup  is 
shown  as  Figure  D21 . 

Next,  a  shell  core  was  used  In  an  attempt  to  cast  the 
Flap  Track  Link  to  soundness.  It  had  been  established  that  the  use  of 
the  shell  core  promoted  soundness  by  reducing  the  chilling  effect  and 
extending  feeding  distance.  The  web  areas  at  the  large  end  of  the  link 
presented  a  borderline  shrinkage  problem  with  soundness  being  obtained 
part  of  the  time.  Some  of  the  castings  exhibited  shrinkage  at  riser 
junctions,  because  of  the  difficulty  of  attaching  properly  sized  risers 
to  the  casting  without  obscuring  casting  detail.  Large  heavy  risers 
were  added  at  the  top  of  the  casting  at  the  heavy  sections  in  an  at¬ 
tempt  to  better  feed  the  casting.  The  riser  was  necked  down  to  fain 
casting  detail  and  unfortunately  the  necked  down  portion  of  the  riser 
closed  off  feed  metal  before  the  casting  solidified. 

The  two  tooling  lugs  extending  from  the  sides  of  the  casting 
were,  at  this  time,  problem  areas  in  shrink  porosity.  Chilling  of  the  tool 
lugs  and  use  of  shell  cores  promoted  directional  solidification  to  the 
point  where  the  shrink  void  was  iocafed  just  inside  of  the  casting  at  the 
riser  junction.  The  location  of  the  single  shrink  void  in  the  middle  of 
the  tool  Jug  is  acceptable  since  these  lugs  are  removed  after  the  part 
has  been  machined,  but  since  the  location  of  the  shrink  void  was  partially 
in  the  casting  when  shell  cores  were  used,  an  attempt  was  made  to  remove 
the  shrink  by  supplementary  gating  from  the  riser  located  In  close  proxl- 

mtf\/  fA  tAA {  1>1A 
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Experimental  castings  were  next  made  without  coring.  This 
method  permitted  the  shrinkage  to  concentrate  along  the  centerline  areas 
where  it  is  removed  by  machining  the  center  of  the  tubular  section. 
Castings  of  the  link  were  made  while  varying  the  position  of  the  mold. 
Most  of  the  variations  in  positioning  resulted  in  very  poor  surface  finish 
due  to  cold  laps  being  formed  by  me*al  impinging  on  the  sides  of  the  mold 
cavity . 
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Figure  D22A  illustrates  the  shrinkage  in  the  Flap  Track  Link 
cast  in  a  rammed  graphite  mold  with  rammed  core  at  the  small  end  and 
a  machined  graphite  core  through  the  center  bore.  Six  thermal  areas 
are  represented  by  the  six  localized  shrink  areas  shown  at  the  relatively 
isolated  heavy  sections.  Slight  dispersed  shrinkage  occurred  in  the  thin 
triangular  web  area.  The  casting  was  side  gated  through  four  risers  lo¬ 
cated  as  shown  on  the  sketch. 


The  sketch  of  the  Link  in  Figure  0225  represents  u  variation 
to  determine  rhe  effect  of  copper  chills  placed  at  the  tool  hold  down 
lugs  to  remove  the  shrinkage  areas  present.  The  copper  chills  moved 
the  shrinkage  area  into  the  casting  and  reduced  the  size  of  the  voids 
slightly.  The  six  localized  shrinkage  areas  remained. 

Figure  D22C  represents  a  Link  cast  in  a  machined  graphite 
mold  with  2-l/2'-inch  diameter  risers  attached.  The  only  noticeable 
difference  in  casting  in  the  machined  graphite  mold  was  the  change  in 
location  of  the  shrinkage  at  the  tip  of  the  thin  triangular  web  area 
into  the  body  of  rhe  casting. 

Figure  D23A  arrangement  was  cast  without  a  core  in  the  center 
section  to  determine  the  possibility  of  isolating  shrinkage  at  the  center 
of  the  casting.  This  Flap  Track  Link  was  cast  in  a  rammed  graphite  mold 
preheated  In  a  vacuum  heating  oven  to  Cb'C'T.  The  major  shrinkage 
areas  occurred  along  the  center  line  of  ihe  casting.  The  previous 
shrinkages  at  the  Hp  of  the  triangular  web  shaped  area  and  near  the 
core  at  the  wide  end  of  the  castmq  were  removed.  The  two  shrinkage 
areas  at  the  tool  ho  id -down  logs  remained  with  some  change  In  loca¬ 
tion  toward  the  center  of  the  caving  Genera!  dispersed  shrinkage 
again  occurred  in  the  wob  area  of  trie  casting. 
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gradients  conducive  to  removal  of  the  shrink  areas  at  the  tip  of  the  web 
area.  Isolated  shrink  remained  near  the  core  at  the  wide  end  of  the 
Link.  The  shrinkage  areas  in  the  tool  hold  down  lugs  also  remained. 

The  illustration  In  Figure  D23C  is  of  a  second  experimental 
casting  without  the  core  through  the  center.  Shrinkage  was  isolated 
along  the  center  line  with  the  exception  of  the  tool  hold  down  lugs 
«ud  the  web.  Figure  D24A  is  the  same  casting  x-rayed  after  drilling 
through  the  center  of  the  casting  to  remove  shrinkage. 

Figure  D248  represents  a  modification  of  the  Flap  Track  Link 
by  varying  the  method  of  gating,  in  attempting  to  remove  the  shrinkage 
area  In  the  tool  lug,  a  slot  from  the  riser  to  the  tool  lug  was  milled 
into  a  rammed  mold  to  provide  a  feed  channel  and  gate.  The  shrinkage 
area  in  one  tool  lug  was  absent  and  in  the  other  lug  it  developed  as 
an  elongated  center  shrink  In  the  head  along  the  thin  web  section. 

One  isolated  shrinkage  area  still  remained  at  the  wide  end  of  the  flange. 
The  shrinkage  had  been  reduced  to  one  side  of  the  casting,  possibly  in¬ 
dicating  Incorrect  flow  of  metal  into  the  mold  cavity  and  the  setting 
up  of  higher  thermal  gradient*  on  one  side  of  the  casting. 

Figure  D24C  is  an  iliusfiufiun  of  a  core  modification  in  an 
attempt  to  remove  shrinkage  by  a  larger  taper  towards  each  end  of 
the  casting  where  risers  are  located.  A  two  piece  core  of  shell  graphite 
and  machined  graphite  was  used.  The  shrinkage  was  generally  isolated 
to  the  tip  of  the  triangular  shaped  web  areas. 

Figure  D25A  illustrates  a  variation  in  the  core  by  machining 
a  straight  machined  graphite  core  and  using  it  in  conjunction  with  a 
shell  graphite  core  at  the  small  end  of  the  Link.  The  straight  center 

the  shrinkage  to  be  isolated  at  the  tip  of  the  thin  triangular 
web  section.  The  same  7/8-inch  diameter  center  core  with  a  slight 
modification  as  in  Figure  D25B  eliminated  shrinkage  in  the  casting.  The 
variation  in  Figure  D25B  reduced  rhe  concentration  of  metal  by  coring  a 
portion  of  the  critical  area  and  establishing  a  favoiatle  directional 
solidification  condition*  A  general  gas  condition  has  prevented  definite 
soundness  conclusions  to  be  reached. 
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The  photograph  shown  in  Figure  D26  is  of  a  static  costing 
setup  with  gating  and  risering  attached.  Using  the  static  casting 
method,  the  Flap  Track  Link  can  be  produced  with  shrinkage  only  in 
areas  which  are  subsequently  machined  out.  The  major  problem  in 
static  casting,  h.  .vever,  is  the  presence  of  dispersed  gas  porosity. 

The  problem  is  an  uncontrollable  factor  influencing  the  soundness 
quality  of  oil  of  the  statically  cast  parts.  The  sketch  in  Figure  D26 
illustrates  areas  where  shrinkage  is  typical.  Further  experimental  static 
casting  was  discontinued  in  favor  of  centrifuge  casting  to  solve  the  gas 
porosity  problem. 

Next,  experimental  pours  of  this  part  were  made  in  a 
vertical-axis  centrifugal  furnace.  Figure  D27  illustrates  the  setup  of 
the  part  and  the  attached  gating  and  risering.  The  mold  was  made 
using  the  same  pattern  and  risering  as  Is  used  for  static  casting.  The 
gating  arrangement  was  revised  and  repositioned  to  accommodate  the 
centrifuge  arrangement.  A  detrimental  centerline  shrinkage  area  occurs 
at  the  narrow  end  of  the  casting  as  shown  in  Figure  D27.  The  method 
used  to  gate  the  casting  was  not  satisfactory  and  medium  surface  laps 
occur  along  the  surface  of  the  part.  A  modification  to  introduce  a 
smooth  low-turbulence  flow  was  necessary  to  remove  the  surface  lap 
defect  and  produce  a  smooth  cast  surface. 

Figure  D28  illustrates  c  different  experimental  setup  poured 
in  the  vertical-axis  centrifugal  furnace.  The  gating,  risering,  and  mold 
position  were  modified  in  an  attempt  to  arrive  at  a  workable  pouring 
setup.  The  sketch  illustrates  the  location  of  resulting  centerline  shrink¬ 
age.  The  major  shrinkage  area  occurred  in  an  area  where  normal  ma¬ 
chining  would  not  remove  the  defect.  The  risers  located  at  the  narrow 
end  of  the  Link  were  intended  to  feed  the  area  where  shrinkage  occurred 
and  to  feed  the  two  flanges  at  that  end.  The  thin  section  adjacent  to 
the  risers  prevented  adequate  feeding  of  the  heavier  section  where  major 
shrinkage  occuiieu.  i ms  got  mg  system  provided  a  iow— turbulence  method 
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shrinkage  In  the  area.  The  position  of  rha  parte  shown  in  Figures  D29 
and  D30  during  casring  was  such  that  the  casting  was  seif  risering  with 
the  exception  of  the  wide  end,  which  was  located  nearest  the  center 
sprue.  The  shrinkage  void  at  the  riser,  shown  in  Figure  D30  could  be 
removed  entirely  by  enlargement  of  the  riser. 

Further  modifications  in  the  risering  and  gating  system  for 
this  part  are  shown  in  Figure  D31 .  In  the  system  shown  in  the  lower 
photograph  of  Figure  D31,  the  large  risers  at  the  narrow  end  of  the 
Flap  Track  Link  were  modified.  This  modification  did  not  provide  a 
sufficient  volume  of  metal  to  feed  the  narrow  end,  allowing  shrinkage 
to  occur.  To  eliminate  this  shrinkage,  small  risers  were  added  at  the 
narrow  end  of  the  Flcp  Track  Link.  The  risers  at  the  narrow  end  of  the 
part  In  the  top  photograph  of  Figure  D31  are  unnecessarily  large  and 
contribute  little  to  the  soundness  of  the  casting. 

The  method  of  gating  the  Flap  Track  Link  at  the  outer  ex¬ 
tremity  of  the  casting,  as  shown  in  Figure  D31,  is  necessary  to  achieve 
a  bottom  pour  with  low  turbulence  as  metal  enters  the  mold  cavity. 
Gate  sizes  are  varied  to  cause  an  even  flow  of  metal  into  both  of  the 
Ingates. 


Next,  a  preliminary  dimensional  analysis  of  the  Flap  Track 
Link  was  made.  The  general  trend  was  for  the  parts  to  be  oversize.  In¬ 
dicating  that  the  combined  mold  and  metal  shrinkage  averages  slightly 
less  than  3/8  inch  per  foot. 

The  pattern  equipment  was  modified  prior  to  casting  pilot 
production  heats.  Risers  were  added  to  the  narrow  end  of  the  Link  and 
a  riser  was  added  to  the  center  of  the  wide  end  to  reduce  the  large 
shrinkage  void  occurring  at  that  point.  A  l/8-inch-radius  fillet  was 
added  to  the  edges  of  the  pattern  to  provide  a  mold  with  rounded 
edges,  thus  preventing  a  mold  crushing  problem  and  possible  graphite 
inclusions. 


The  production  run  set  of  Links  was  to  be  made  in  five 
heats  of  twelve  castings  per  heat.  Mishaps  and  rejections  caused  an 
increase  to  six  heats.  A  total  of  50  parts  was  produced.  Of  the  72 
castings  made,  50  were  accepted.  Seventy-five  per  cert  of  the 
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refections  were  because  of  mold  shift  during  casting  and  incomplete 
filling,  the  remainder  were  refected  because  of  grinding  errors.  The 
overall  refection  rate  was  35%. 

The  castings  were  centrifugal  ly  cast  twelve  molds  per 
heat.  The  molds  were  rotated  at  130  RPM  to  obtain  10  G's  on  the 
center  of  the  part. 

X-ray  quality  of  the  accepted  castings  was  good.  Dimen¬ 
sional  accuracy  was  fair  but  not  within  the  specified  tolerance. 
Tolerances  are  further  discussed  In  the  section  on  specifications. 


D2-2786-8 


CASTING  OF  SHAPES 


D3S 


FIGURE  D20 

FLAP  TRACK  SUPPORT  CAST  IN  RAMMED  GRAPHITE  MOLD 
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FIGURE  D21 


TYPICAL  GATING  AND  RISERING 
SETUP  FOR  FLAP  TRACK  SUPPORT  LINK 
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FIGURE  D22 


Porosity  in  Flap  Track  Link 
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FIGURE  D24 


Porosity  in  Flop  Track  Link 
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FIGURE  D25 


Porosity  In  Flap  Track  Link 
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FIGURE  D26 


FLAP  TRACK  LINK,  STATICALLY  CAST 
Rammed  Graphite  Mold,  No  Core 
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FIGURE  D27 


FLAP  TRACK  LINK  CENTRIFUGALLY 
CAST  AT  150  RPM  (10G) 


Rammed  Graphite  Mold,  No  Core 


Results  Below 


Medium  Surface  Laps 


D2-2786-8 


CASTING  OF  SHAPES 


FIGURE  D28 


FLAP  TRACK  LINK  CENTR1FUGALLY 
CAST  AT  110  RPM  (10G) 

Rammed  Graphite  Mold,  No  Core 

Results  below 


Shrinkage 
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FIGURE  D29 

X-RAY  OF  FLAP  TRACK  LINK  SHOWING 
SHRINKAGE  IN  CYLINDRICAL  SECTION 
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Casting  of  The  Sway  Brace  Ccr,e 


The  Swa/  Brace  Case  was  first  cast  from  TI-6AI-4V  alloy  In 
static  i^olds  of  rammed  graphite  with  rammed  graphite  cores.  The 
casting  was  poured  in  the  horizontal  position,  gating  through  four 
risers.  A  riser  was  located  ct  each  corner  of  the  casting  and  connected 
to  the  casting  through  the  lugs  on  one  side  and  directly  to  the  heavy 
section  on  the  other  side.  Busic  problems  exist  with  this  design  for 
casting  in  titanium.  It  should  be  noted  that  minimum  wail  thickness 
throughout  the  cylindrical  section  of  the  part  is  1/4~inch  and  that  no 
difficulty  was  experienced  in  producing  a  smooth  casting  without  mi$- 
runs.  However,  as  would  be  expected  from  the  feeding  studies,  the 
uniformly  thin  center  section  had  dispersed  shrinkage  porosity.  As  the 
section  increased  in  thickness  toward  the  ends  of  the  casting  and  the 
riser  locations,  the  shrinkage  disappeared  and  the  casting  was  sound 
with  exception  of  the  thermal  centers  adjacent  to  the  lugs.  Connection 
of  the  risers  to  the  casting  was  difficult  at  these  lug  positions  since  an 
adequate  connection  would  destroy  definition  of  the  lug  outlines. 
Shrinkage  occurred  in  the  characteristic  manner  at  the  thermal  centers 
behind  the  lugs,  appearing  as  a  single  concentrated  void  existing  at 
each  location  as  shown  In  Figure  D34B.  It  should  be  noted  that  the  two 
tapered  ears  and  the  closed  end  of  the  casting  were  completely  sound 
since  their  design  produces  exceptionally  good  directional  solidification 
condi  tions . 


Figure  D34A  shows  the  effect  of  pouring  position  on  casting 
soundness.  The  casting  was  poured  with  the  open  end  down.  It  was 
evident  that  gas  was  rising  to  the  surface  of  the  mold  and  being  col¬ 
lected  under  the  surface  of  the  metal  in  all  castings  poured  in  this 
position.  Shell  cores  were  used  for  these  trials.  Risers  were  attached 
to  the  lugs  extending  from  the  parting  line  plane.  The  mold  cavity 
was  gated  through  each  of  the  four  riser  locations.  Shrinkage  in  the 
thin  tube  section  was  dispersed  Indicating  poor  feeding  of  the  wall 
area.  Heavy  shrinkage  was  located  at  the  lugs  extending  from  the 
Opart  and  of  ilia  cusiiny. 


Figure  D34B  illustrates  a  casting  that  was  poured  with  the  open 
end  at  the  top  of  trie  mold.  The  casting  was  gated  through  two  of  the 
four  side  risers  with  an  additional  tour  risers  attached  to  the  top  of 


D50 


CASTING  OF  SHAPES 


D2-2786-3 


the  casting.  Dispersed  shrinkage  was  still  present  in  the  tubular  sec¬ 
tion.  The  four  top  risers  were  attached  to  the  top  of  the  casting  in  an 
attempt  to  feed  the  lugs  extending  from  this  area.  The  riser  connec¬ 
tions  were  not  sufficient  to  permit  the  meted  to  feed  the  top  of  the 
casting. 


The  initial  pettern  revisions  were  decided  upon  the  basis 
of  the  experimental  casting  shown  in  Figure  D34C.  In  this  casting  a 
heavy  shel  1  core  was  tapered  from  one  end  toward  the  open  end  of 
the  Sway  Brace  Case  to  provide  a  ihickor  wall  section  near  the  top 
end  of  the  casting.  The  core  mod?ficat"on  increased  the  feeding  of 
the  top  section  to  the  tube  section.  Shrinkage  was  still  evident  in 
the  heavy  top  end,  since  no  provisions  were  made  in  this  modification 
for  additional  feeding  of  the  heavy  section  at  the  top  of  the  casting. 

Figure  D34D  illustrates  the  modified  casting  with  redesign 
and  location  of  risers.  The  top  riser  is  a  wedge  shaped  ring  covering 
the  entire  area  at  the  top  of  the  casting,  to  provide  more  efficient 
feeding  of  this  area.  The  shell  core  was  modified  to  include  a  5°  taper, 
starting  at  approximately  2  Inches  from  the  bottom  of  the  core.  This 
amount  of  taper  was  believed  to  be  more  than  needed  to  establish 
proper  directional  solidification  and  soundness  of  the  tubular  section. 
The  top  section  of  the  casting  did  not  feed  properly  to  obtain  sound¬ 
ness  because  of  the  greater  volume  of  metal  located  at  the  top  of  the 
open  end  of  the  casting. 


The  tubular  section  of  the  cent'  no  poured  in  this  manner  did 
not  show  any  shrinkage.  There  was  some  surface  roughness  from  both 
the  rammed  graphite  meld  and  the  machined  graphite  core.  The  core 
was  machined  hollow  to  1,- 4-inch  thickness  at  the  open  end  to  reduce 
the  chilling  effect  and  c1  ear. -out  problems.  There  were  a  few  cold 
shuts  in  the  interior  of  the  casting  due  to  the  rapid  skin  chilling  effect 
of  the  machined  graphiie  -u is  T :  —  -hs''  -~.rp  -.oh  satisfactory 
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relatively  thick  (1/2-inch)  to  give  it  sufficient  thermal  capacity  to 
prevent  penetration  by  the  molten  metal .  Breakage  of  the  core  at 
the  support  hole  occurred  after  the  casting  had  solidified,  without 
damage  to  the  casting.  Movement  of  the  shell  core,  if  any,  was 
very  slight. 

The  photograph  in  Figure  D35  is  of  a  casting  setup  in  which 
a  rammed  graphite  core  was  used.  The  use  of  a  rammed  graphite 
core  with  a  machined  graphite  insert  at  the  support  end  of  the  core 
gave  consistently  good  results.  The  major  disadvantage  in  the 
rammed  graphite  core  is  that  it  was  difficult  to  remove  from  the  cast¬ 
ing.  It  was  necessary  to  chip  almost  the  entile  core  free  from  the 
casting.  An  advantage  of  the  rammed  core  over  shell  core  was  the 
better  dimensional  accuracy  in  the  finished  castings. 

The  Sway  Brace  Casting  was  bottom  gated  through  two  side 
risers  attached  to  the  closed  end  of  the  part.  These  two  risers  provided 
feed  metal  for  the  two  end  lugs  and  the  heavy  portion  of  the  casting  to 
which  they  were  attached.  This  gating  arrangement  provided  uniform 
metal  flow  to  the  top  riser,  which  was  attached  to  the  entire  open  end 
of  the  part,  forming  a  ring  riser.  The  inner  portion  of  the  Sway  Brace 
Case  was  tapered  from  the  open  end  to  the  closed  end  to  provide 
a  sound  wall  section.  With  incorporation  of  this  taper,  the  wall  sec¬ 
tion  was  consistently  cast  with  very  little  shrinkage  or  gas  defects. 

The  ring  riser  a'  the  top  of  the  part  supplied  metal  for  the  wall  section 
and  the  heavy  portion  at  the  open  end  of  the  part.  The  part  as  centrif- 
ugally  cast  was  consistently  sound.  The  production  run  of  16  Sway  Brace 
Cases  was  completed  by  pouring  four  heats  of  four  parts  each. 

The  parts  were  cast  with  12  G’s  force  on  the  mold  cavity  by 
centrifuging  at  140  RPM.  This  speed  was  found  to  be  necessary  to  obtain 
proper  feeding  from  the  ring  riser  attached  to  the  top  of  the  casting. 

The  ring  riser  was  relatively  close  to  the  spin  axis  of  the  mold  setup  and 
did  not  teed  properly  at  reduced  speeds. 

The  lejection  rate  for  Sway  Brace  Cases  was  25%.  The  cause 
of  rejection  was  insufficient  metal  to  fill  the  mold  cavity.  Casting 
yield  was  28  per  cent.  There  was  no  difficulty  encountered  in  the  pilot 
production  casting  of  this  part.  The  incorporation  of  taper  in  the  bore 
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of  the  part  provided  adequate  thermal  gradients  to  properly  feed  the  walls 
of  the  cylinder  and  heavy  riserings  in  close  proximity  to  thermal  centers 
prevented  shrinkage  in  the  heavy  sections. 
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FIGURE  D34 


Porosity  In  Sway  Brace  Case 
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FIGURE  D35 

CENTRIFUGALLY  CAST  SWAY  BRACE  CASE 
Rotated  at  I4Q  RPM  (12  G) 
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Casting  of  the  Elevator  Torsion  Fitting 

The  Elevator  Torsion  Fitting  was  first  cast  In  machined 
graphite  with  a  machined  graphite  core,  in  machined  graphite  with  a 
rammed  graphite  core,  and  in  rammed  graphite.  Machined  cores  pro¬ 
duced  the  same  cracking  difficulty  in  the  thin  flat  areas  at  each  end 
of  the  casting  as  was  experienced  with  the  Bracket,  This  condition 
was  readily  corrected  with  the  use  of  a  rammed  graphite  core  in  the 
machined  mold.  As  was  expected  from  the  result  of  the  feeding  studies, 
the  casting  evidenced  shrinkage  porosity  in  the  wide  thin  webs  at  each 
end  as  shown  in  Figure  D38,  and  in  the  four  heavy  sections  around 
the  center  of  the  part.  Approximately  two  degrees  of  taper  were 
added  to  the  webs,  thickening  the  casting  toward  the  heavy  center 
which  decreased  the  total  shrinkage  but  did  not  remove  all  shrinkage 
in  that  area. 


The  four  heavy  sections  around  the  center  of  the  Elevator 
Torsion  Fitting  presented  difficulty  in  risering  with  sufficiently  large 
riser  connections,  because  the  wall  thickness  of  standard  graphite 
tubing  held  the  risers  at  least  1  -1/4-inches  apart,  and  the  slight  jog 
at  the  edge  of  the  casting  prevented  a  foil-  width  riser  connection 
without  loss  of  casting  detail.  Characteristic  shrinkage  in  these  heavy 
sections  is  shown  in  Figure  D39. 

Through  further  casting  attempts,  it  was  determined  that 
the  web  section  with  taper  to  approximately  1/4-Inch  of  the  center 
di  d  not  have  sufficient  taper  to  promote  direction  solidification. 

In  attempting  to  obtain  sound  web  sections,  risers  were  located  along 
the  edges  of  the  channel  to  feed  the  web  area.  This  was  not  success¬ 
ful.  The  thin  sections  required  feeding  to  remove  dispersed  shrinkage, 
but  were  nor  thick  enough  that  risen ng  at  the  edges  of  the  channels 
would  provide  the  directional  solidification  required  to  remove  the 
shrinkage. 


The  next  trials  in  statically  casting  the  Torsion  Fitting  were 
based  on  increasing  the  taper  of  the  thin  web  section  and  Increasing 
and  modifying  gating  and  risering. 
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ELEVATOR  TORSION  FITTING 
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The  taper  added  to  the  thin  web  areas  was  varied  from 
12°  to  14°  by  tapering  from  ti.u  center  of  fire  webs  toward  the  edges 
where  a  rectangular  riser  was  attached  to  each  side  for  the  entire 
length  of  the  web  area  lire  12°  taper  in  the  web  area  did  not  free 
the  area  of  shrinkage.  Slight  dispel, ed  shrinkage  was  stiii  evident 
In  the  center  of  the  weL.  Tiie  14“  room  did  not  show  any  definite 
shrinkage  areas,  bet  gas  porosity  was  extensive  unu  conclusive  ie- 
sults  were  no**  obtained. 

Figure  0  40  A  is  the  initial  type  of  set  op  used  in  at¬ 
tempting  tc  obtain  a  sound  pait  by  stride  casting,  fhe  mold  was 
made  of  rammed  giaphite  with  rammed  giaphiie  cores.  Risers  svere 
attached  to  the  mold  externally  and  fed  into  file  c:  os  ling  t!-rough 
gates..  The  entire  cavity  was  red  by  runners  and  gates  that  entered 
through  the  riser  locations,  cs’oi.-l ishmg  thermal  gradients  toward 
the  risers.  Dispersed  shrinkage  occuuea  in  fhe  web  areas  in  all  of 
the  static  castings  made  with  ibis  oxuagement  ic-guidless  of  riser  sice 
and  location.  Localized  sinink  ureas  occuired  at  the  center  of  the 
heavy  sections  near  the  hole  when;  isolated  thermal  aieas  were  formed. 
The  riser  location  '■■a •  ciit’crd  with  icgo'd  to  feeding  this  central  area. 

Figure  D4C'B  represents  a  casting  modification  with  riser 
attached  In  tin:  top  of  the  casting  and  connected  through  a  necked- 
type  core  sysiem  to  facilitate  removal,  rite  actual  riser  connection 
to  the  casting  was  formed  by  corn  'or  the  opening  la  fit  the  shape 
of  the  areas  to  be  fed  The  mod'ficotioi:  did  not  uiovide  a  sound 
casting.  The  mold  cavity  was  .-.He  go  led  5n  four  pierces  at  the  heavy 
areas,  fhe  inclusions  of  >2*'  nv. ;  ha-r-:  ;h::  ..enter  of  the  web  areas 
reduced  the  degree  of  sin  ink  :•  did  not  eliminate  it. 

Figure  D  40  C  u/tJ  i  j  4v  [}  castings  v.ere  poured  to  deter¬ 
mine  If  on  advantage  f.  -L-ltl  he  go.!-,  <■  •  •=. ;  ?!■;■  i.asfuvj  upside 

down  horn  in-  i . ! ■  ;  i  i.-.-  i.  Aft.,  i. ->* 'Jr  i  usual 
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The  photograph  in  Figure  D41  illustrates  a  static  casting 
setup  with  side  risers  along  the  tapered  web  area*  The  web  area 
had  been  revised  to  include  a  14°  taper  from  the  center  of  the  web 
to  the  edges  in  an  atteti.pt  to  obtain  a  sound  casting.  The  addition 
of  14°  of  taper  to  the  web  section  did  not  provide  adequate  thermal 
gradients  to  obtain  soundness.  Adding  taper  from  the  center  of  the 
web  section  to  the  edge  did  not  successful!/  remove  shrinkage  in  any 
of  the  trials  conducted.  The  heavy  rectangular  riser  shown  located 
at  the  central  portion  of  the  casting,  feeding  the  heayy  section,  did 
not  result  in  a  sound  heavy  section. 

The  photograph  in  Figure  D42  is  of  an  experimental  pour 
made  to  determine  the  effectiveness  of  adding  taper  from  the  extreme 
ends  of  the  web  towards  the  center  section.  The  taper  added  to  the 
web  section  was  parabolic,  starting  at  7°  at  the  extreme  ends  of  the 
casting.  The  tapers  required  to  feed  the  section  of  the  casting  were 
determined  from  the  feeding  distance  studies;  i.e.  for  the  first  inch 
from  the  end  a  7°  taper  is  required  to  cast  a  one-inch  length  of 
1/B-inch  section  thickness  sound  or  to  obtain  a  soundness  ratio  of 
eight.  The  second  taper  was  6°  to  the  two-inch  length  and  there¬ 
after  2°  to  the  five-inch  length. 

The  X-ray  of  the  casting  did  not  reveal  any  dispersed 
shrinkage,  although  some  gas  porosity  was  apparent.  This  type  of 
taper  was  more  effective  In  Increasing  the  feeding  distance  than 
a  straight  toper.  Upon  straight  tapering  6°  from  the  end  of  the 
casting  to  the  heavy  center  section,  dispersed  shrinkage  occurred  at 
the  outer  edges  of  the  thin  web  section.  The  parabolic  taper  not  only 
increased  sound  feeding  distance  but  reduced  the  total  volume  of 
metal  required  to  pour  the  casting.  As  experimental  casting  trials 
progressed,  experience  showed  a  necessity  for  large  tapers 
on  large  thin  sections  and  less  taper  as  section  thickness  increases. 
Several  factors  involved  in  the  cooling  of  the  metal  contributed  to 
this.  The  rapid  chilling  effect  of  the  graphite  mold  causes  thin 
sections  to  freeze  very  rapidly,  and  as  section  thickness  increases 
heat  transfer  is  less  rapid.  The  problem  is  similar  to  all  casting 
processes  but  is  exaggerated  in  the  case  of  titanium  because  of 
high  melting  temperatures  and  high  thermal  conductance  of  the 
mold  materials. 
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The  casting  was  made  centrifugal ly  in  rammed  graphite 
molds.  Figure  D  43  A  is  a  sketch  of  the  first  centrifuge  cast  part. 

Some  dispersed  shrinkage  was  prominent  in  one  of  the  web  areas  while 
the  opposite  end  had  slight  amounts  of  shrinkage  close  to  the  heavy 
center  section.  Isothermal  areas  under  the  ingo'es  presented  two 
shrinkage  areas  at  the  same  end  of  the  heavy  section  that  contained  the 
greatest  degree  of  shrinkage  in  the  web  area.  The  part  was  gated  at 
the  four  heavy  sections  at  the  center  of  the  casting.  The  four  gates 
were  attached  perpendicularly  to  the  casting  and  centered  sprue. 

The  fastings  were  in  a  horizontal  position  attached  centrally  about 
a  sprue.  Castings  poured  in  this  arrangement  did  not  give  satisfactory 
results  in  surface  quality  because  of  excessive  turbulence  as  the 
metal  enters  the  mold. 

The  sketch  in  Figure  D43B  represents  a  casting  centri¬ 
fuged  using  the  pour  technique  shown  in  Figure  D44.  The  molds 
were  side  gated  and  cast  In  the  horizontal  axis  centrifugal  casting 
furnace.  The  benefits  of  gating  in  this  manner  were  reduced  turbulence 
and  continued  pressure  on  the  mold  cavity  as  solidification  took  place. 
The  thin  web  section  was  relatively  free  of  general  dispersed  shrinkage, 
although  gas  porosity  was  evident  in  this  section. 

Figure  D43C  is  an  example  of  a  casting  containing  large 
amounts  of  gas  porosity.  This  casting  v/as  made  by  tapering  the  web 
section  to  obtain  a  14°  taper  from  the  center  of  the  web  toward  the 
outside  edge  and  the  rectangular  riser  located  to  feed  the  web  area. 

The  gas  porosity  may  have  been  intensified  by  machining  the  rammed 
mold  and  exposing  the  subsurface  of  the  rammed  graphite  mold.  The 
center  section  was  free  from  shrinkage.  The  casting  was  side  gated 
through  the  risers  located  at  the  heavy  center  section  of  the  casting. 

Figure  D43D  illustrates  the  casting  modified  to  incorporate 
6°  of  taper  from  the  end  of  the-  casting  at  the  web  area  toward  the  center 
section.  Risers  were  located  on  the  of  the  casting  and  overlapped 
i'be  sides  with  tnttiM  gaiing  ci:i  p •  ■  in  teeri  the  coiling  ,  bhnnkage 

was  great  i  y  rt-th,.  pd,  but  gierent  both  In  tie  web  area  and 

at  the  heavy  centei  ssr.*i-»n. 
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Absence  of  gas  porosity  in  cenfrifugally  cast  parts  was 
noted  when  molds  were  centrifuged  at  high  speeds.  Localized  shrink¬ 
age  at  the  heavy  thermal  areas  in  the  center  of  the  casting  illustrated 
that  sufficient  metal  supply  was  not  available  to  feed  those  areas  as 
solidification  progressed. 

The  sketch  in  Figure  045  shows  the  characteristic  dispersed 
shrinkage  found  fn  the  part  when  cast  with  inadequate  padding  and 
centrifuged  at  high  speeds.  The  casting  shown  was  centrifuged  at 
140  rpm  (12  G's).  it  has  been  established  through  experimental  heats 
that  a  higher  G  force  will  not  remove  this  shrinkage.  The  ultimate 
removal  of  shrinkage  such  as  this  depends  almost  entirely  on  improved 
padding  and  risering. 

The  sketch  In  Figure  0  46  shows  the  location  of  shrinkage 
when  a  1  -  1/2-Inch  diameter  riser  has  been  added  at  the  center  of  the 
web.  The  addition  of  this  riser  improved  the  soundness  of  the 
part  by  moving  the  shrinkage  area  to  within  1/2-Inch  of  the  ends  of 
the  part.  The  Illustration  in  Figure  D47  shows  the  location  of  shrink¬ 
age  with  a  2-inch  diameter  riser  used.  The  shrinkage  still  remains 
near  the  ends  of  the  web . 

Risering  of  the  center  of  the  web  section  does  not  appear 
to  be  an  effective  method  of  obtaining  a  sound  section.  A  thin  web 
does  not  lend  itself  to  feeding  from  a  centrally  located  riser,  as  has 
also  been  shown  in  previous  feeding  distance  studies  on  tapered  plains. 
The  present  casting  attempts  also  demonstrate  that  the  feeding  distance 
of  a  centrally  located  riser  is  not  influenced  greatly  by  centrifugal 
casting  techniques. 

Figure  D48  illustrates  a  further  modification  of  the  risering 
system.  A  riser  of  large  connecting  area  is  at  the  end  of  the  web  at 
the  location  of  previous  dispersed  shrinkage.  Occasional  shrinkage 
occurred  such  as  shown  in  the  sketch. 

Two  heats  were  required  to  make  the  pilot  production  run 
of  ten  castings.  Six.  molds  were  poured  in  each  heat. 
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The  gating  and  risering  system  was  similar  to  that  shown 
in  Figure  D48.  The  molds  were  centrifuged  to  obtain  12  G‘s  on  the 
mold  cavity,  requiring  centrifuge  speed  of  140  rpm  to  obtain  proper 
casting  conditions. 

The  rejection  rate  for  the  castings  was  17%.  The  two 
casting  rejections  were  caused  by  breakage  of  mold  setup  braces  and 
consequent  dislocation  of  molds  during  pouring.  The  yield  of  casting 
weight  to  poured  weight  was  20%. 

The  Torsion  Fitting  was  the  most  difficult  part  to  cast  to 
the  internal  soundness  levels  required.  The  thin  web  section  is  very 
difficult  to  feed  properly  to  establish  thermal  gradients  required 
for  casting  sound  parts.  In  some  instances  a  random  dispersed  shrink¬ 
age  was  located  at  the  extreme  ends  of  the  fittings.  The  12  G  force 
on  the  mold  cavity  has  succeeded  in  eliminating  the  shrinkage  occur¬ 
ring  in  most  instances. 
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FIGURE  D38 

DISPERSED  SHRINKAGE  IN  WEB  SECTION  -- 
MACHINED  GRAPHITE  MOLD 
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FIGURE  D40 
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FIGURE  D41 


STATICALLY  CAST  TORSION  FITTING 
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FI  GORE  D42 


STATICALLY  CAST  TORSION  FITTING 
Rammed  Graphite  Mold,  Shell  Core 
Result  below 


Gas  Poros i ty 


D68 


CASTING  OF  SHAPES 


D2-2786-8 


FIGURE  D43 

Porosity  In  Torsion  Fitting 
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FIGURE  D44 

TORSION  SUPPORT  FITTING  CENTRIFUGALLY  CAST 
IN  RAMMED  GRAPHITE  MOLD 
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FIGURE  D45 

CENTR1FUGALLY  CAST  TORSION  FITTING 
Rotated  at  140  RPM  (12  G) 
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CENTR1FUGALLY  CAST  TORSION  FITTING 
Rotated  at  160  RPM  (15G) 


1  1/2-inch  Diameter  Riser  Added  to  Centers  of  Webs 
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FIGURE  D47 

CENTRIFUGALLY  CAST  TORSION  FITTING 
Rotated  at  160  RPM  (15G) 


2-inch  Diameter  Riser  Added  to  Centers  of  Webs 


Shrinkage 
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FIGURE  D48 

CENTRIFUGALLY  CAST  TORSION  FITTING 


Rectangular  Riser  Added  to  Ends  of  Webs 


Shrinkage 
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Casting  of  the  Horizontal  Stabilizer  Fitting 

The  Horizontal  Stabilizer  Fitting  was  first  cast  statically.  The 
mold  required  sixteen  sections  fitted  together.  Gating  and  risering  was 
accomplished  by  drilling  into  the  rammed  graphite  mold  and  by  addition 
of  graphite  piping  to  provide  the  external  connections. 

This  casting  was  not  sound.  Numerous  gross  shrinkage  areas 
occurred  as  a  result  of  insufficient  risering.  The  web  areas  of  the  part 
contained  widely  dispersed  shrinkage  demonstrating  that  inadequate 
tapers  had  been  incorporated  in  the  original  pattern  equipment.  In 
addition  to  the  shrinkage  problem,  severe  gas  porosity  was  noted. 

The  photograph  in  Figure  D50 shows  the  front  of  the  casting 
with  gates  and  risers  attached.  In  this  casting  experiment  two-thirds 
of  the  metal  was  theoretically  to  flow  through  the  large  front  gate 
and  through  its  interconnecting  system,  feeding  the  length  of  the 
fitting.  The  remaining  one-third  was  to  flow  through  the  two  smaller 
gates  into  the  enclosed  arm  of  the  part,  thereby  preventing  cold  shuts 
and  surface  laps.  The  system  succeeded  in  minimizing  surface  cold 
shuts,  but  not  in  entirely  eliminating  them.  A  slight  misrun  occurred 
in  one  of  the  thin  webs  in  the  bottom  of  the  mold  as  shown  in  Figure  D51 
This  misrun  was  due  primarily  to  too  much  metal  flow  through  the  end 
ingates  and  not  through  the  next  inside  ingate,  it  would  be  necessary 
to  reduce  the  size  of  the  runner  or  ingafe  feeding  the  end  of  the  casting 
to  provide  a  more  desirable  flow  of  metal . 

FigureD5l  illustrates  the  bottom  of  the  casting  and  the  cored 
out  detail.  Evidence  of  blowing  is  visible  in  the  web  areas  of  the 
cored  sections.  The  cause  of  this  irieyularity  was  not  determined. 

The  second  attempt  to  cast  the  Horizontal  Stabilizer  Fitting 
was  accomplished  in  the  vertical  axis  centrifuge  furnace.  The  part 
was  extremely  large  for  centrifuge  casting  in  this  furnace. 

Tins  custing  also  was  not  sound.  It  contained  numeious  shrink¬ 
age  defects  where  risering  was  Insufficient.  There  was  a  noticeable  in¬ 
crease  in  soundness  of  the  web  areas  of  the  angular  'U‘  Section  and  the 
extremities  of  the  Fitting.  The  center  portion  of  the  custing  was  absent, 
due  to  insufficient  metal  in  the  pour.  The  costing  wus  gated  along  the 
trailing  edges,  to  provide  low  turbulence  metal  flow  into  the  mold 
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cavity.  The  mold  cavity  was  gated  at  several  places  from  a  main  runner, 
and  gating  size  changed  to  provide  uniform  filling  through  each  of  the 
gates-  The  'll1  shaped  exiension  was  also  gated  In  three  locations  at 
the  trailing  edge  to  fill  this  area  at  approximately  the  same  time  as 
filling  of  the  remainder  of  the  mold  cavity.  It  was  expected  that  filling 
of  the  center  portion  would  be  difficult,  and  therefore  a  large  gate  was 
provided  to  feed  metal  to  the  center.  Because  of  spilling  and  splashing 
there  was  insufficient  metal  to  fill  the  mold  cavity. 

ft  was  concluded  that  although  sufficient  development  would 
be  expected  to  solve  the  shrinkage  porosity  problem,  the  gas  porosity 
problem  could  not  be  overcome  without  centrifuge  casting  the  part. 

This  component  was  too  large  for  centrifuge  casting  In  the  furnace 
equipment  available. 
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FIGURE  D49A 

TYPICAL  SECTIONS  -  INBOARD  BEARING  SUPPORT  RIB 
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FIGURE  D50 

STATICALLY  CAST  HORIZONTAL  STABILIZER  FITTING 


D2--L.3S-8 


CASTING  OF  SHAPES 


FIGURE  D51 

STATICALLY  CAST  HORIZONTAL  STABILIZER  FITTING 
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The  following  mechanical  tests  weie  used  to  evaluate  the 
general  properties  of  cast  titanium  alloys  and  to  compare  the  structural 
components  with  conventional  mateiials  and  fabrication  methods: 

{1}  Conventional  Materials  Tests 

(a)  Tensile,  room  and  elevated  temperature 

(b)  Compression 

(c)  Impact 

(d)  Shear 

(e)  Tension  fatigue 

(f)  Notched  tensile 

(g)  Bearing 

(2)  Component  Tests 

(a)  Developmental  Bracket  -  Static  and  fatigue  simulat 
service  tests,  cast  Ti-6Al-4V  compared  to  cast  type  410 
steel . 

(b)  Flap  Track  Link  -  Static  and  fuiigue  simulated  service 
tests,  cast  Ti~6Al--4V  compared  to  forged  AISI  4340 
steel . 

(c)  Elevator  Torsion  Fitting  -  Torsion  load  vs  deflection 
simulated  service  tests,  cast  TI-6AI-4V  compared  to 
AJSI  4340  hog-out. 

(d)  Sway  Brace  Case  -  Static  simulated  service  tests, 
cast  TI-6A1-4V  compared  to  cast  type  410  steel. 

(e)  Inboard  Bearing  Support  Rib  -  No  testing  do  to  failure 
to  develop  a  satisfactory  titanium  casting. 

Conventional  Materials  Tests 

All  tensile  tests  were  conducted  on  conventional  l/4-Inch  gage 
diameter,  1-inch  gage  length  tensile  specimen*  similar  to  those  specified 
In  Federal  Test  Method  Standard  No.  151,  type  R3  specimen.  The  strain 
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rate  used  was  .005  ±  .002  in. /in. /minute  through  0.2  per  cent  strain. 
All  tensile  yield  strengths  reported  are  at  0.2  per  cent  offset.  The 
results  of  tension  tests  are  reported  In  the  section  of  this  report  on  alloy 
development. 

The  notched  tension  test  specimens  were  as  shown  In  Figure  El 
and  had  a  notch  factor  (Kt)  of  3.3.  Results  of  notched  tests  were  used 
to  compare  properties  of  experimental  alloys  and  are  reported  in  the 
alloy  development  section. 

The  impact  test  specimens  were  conventional  charpy  test 
specimens.  Results  of  impact  tests  are  reported  in  the  alloy  development 
section. 


The  compression,  shear,  and  bearing  tests  were  on  conventional 
specimens  and  were  conducted  to  provide  allowables  data  for  design  pur¬ 
poses.  Results  are  in  the  section  on  development  of  specifications, 
standards,  and  design  allowables. 

Tension  fatigue  specimens  were  tested  to  establish  requirements 
for  chemical  removal  of  surface  contamination.  The  results  of  the  tests 
are  reported  on  page  B  60 . 
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Testing  of  The  Dcyeiopn.  oral  Brut  l  et 

The  tests  on  co  .portents  were  to  compute  cast  titanium 
structural  shapes  with  the  presently  conventional  aircraft  materials 
and  fabrication  methods.  All  tests  were  at  toon  te  peratuie  and 
were  designed  to  simulate  seivice  conditions  applicable  to  each 
part.  All  parts  tested  were  cot  pared  with  the  present  production 
part,  except  the  developmental  bracket  which  was  not  a  pioduction 
part.  Two  attempts  wore  made  to  piodnce  (his  part  as  a  titanium 
forging,  hut  the  thin  webs  and  high  thin  flanges  made  the  part  im¬ 
practical  to  forge.  Therefore,  type  410  steel  castings  wire  obtained 
and  tested  for  comparison  with  the  titanium  castings. 

Ti  e  Bracket  was  prepared  for  testing  by  milling  both  faces 
of  the  two  heavy  lujs  and  a  slot  in  the  small  lug  and  then  drilling 
and  reaming  the  fastener  holes.  Castings  were  considered  satisfactory 
for  testing  if  X-ray  defects  were  absent  in  all  areas  except  the  web 
and  the  two  flanges  which  received  almost  no  loud„  In  those  areas, 
slight  shrinkage  porosity  was  accepted.  The  castings  were  fatigue 
tested  using  the  Jig  shown  in  Figure  E2  and  static  tested  in  a  < .  ..,ven- 
tional  te>nsile  te-sf  machine  using  a  similar  jig.  The  castings  wore 
loaded  26.6°  from  vertical  (as  shown  In  Figure  E2)  to  provide  a  hori¬ 
zontal  load  equal  to  one  half  the  vertical  load. 

All  of  tt>e  type  410  steel  testings  were  X--ray  sound  and 
were  heat  heated  by  the  vendor  to  180,000  psi  minimum  ultimate 
tensile  strength,  150,000  psi  minimum  yield  strength,  and  25  per 
cent  minimum  reduction  of  area.  The  TI-6AI-4V  castings  were  in 
the  as-cast  condition  and  had  not  been  pickled. 

Four  cast  Ti-6Al-4y  btacke*ts  and  one  type  410  steel 
bracket  were  statically  loaded  to  failure.  The  four  cast  T5-6AI-4Y 
brackets  failed  at  the  mounting  hole  in  the  jppe-r  large  lug  (Figure  E3) 
at  24,400,  '4/,yUU(  y'j,UUU,  and  21,800  pounds  load.  The  type  410 
steel  bracket  failed  in  the  upper  flange  (Figure  F3)  at  34,  100  pounds 
load.  Tire  average  of  tire  four  cast  Ti-bAl-  4V  values  is  73  per  cent 
of  the  ultimate-  loud  io;  the*  type  410  steed  bracket .  This  yuluo  is 
very  close  to  the  ratios  of  ultimate  tortile  strengths  of  the  \ -  vo  materials. 
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Ten  cast  Ti-6Al-4V  Bracket  and  seven  cast  410  steel  brackets 
were  fatigue  tested  for  comparison  of  fatigue  properties.  Table  J23and 
Figure  E4  show  the  results  of  these  tests.  The  fatigue  strength  of  the 
T/-6AI-4V  castings  at  any  given  number  of  cycles  is  55  to  60  per  cent 
of  that  of  the  410  steel  castings. 

An  additional  series  af  fatigue  tests  was  conducted  on  a 
modified  version  of  the  Bracket  to  determine  the  necessity  of  chemical 
removal  of  surface  material  from  the  as-cast  surface.  Since  several  of 
the  brackets  already  tested  failed  adjacent  to  the  machined  mounting 
hole,  in  the  upper  lug,  that  lug  was  thickened  by  twenty  per  cent  to 
make  the  casting  fail  in  the  flange,  which  had  an  as-cast  surface.  In 
addition  the  flange  was  tapered  from  its  midpoint  toward  the  lugs  to 
encourage  failure  at  the  flange  midpoint.  Although  the  static  strength 
of  the  modified  design  was  an  average  of  37,000  pounds  load  for  three 
tests  (compared  to  25,000  pounds  for  the  unmodified  design),  the  casting 
continued  to  fail  frequently  at  the  same  machined  hole.  For  this  reason, 
a  tension  fatigue  specimen  having  a  gage  diameter  of  0.5  inch  was  de¬ 
signed  and  used  for  the  chemical  removal  study.  The  results  of  this 
study  are  reported  on  pages  B59  and  B6Q,  in  Figure  B30,  and  Table  JI6. 
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FIGURE  E4 


RESULTS  OF  FATIGUE  TESTS  OF  THE  DEVELOPMENTAL  BRACKET 


LOAD  CYCLES 


EIO 


EVALIJA I  (ON  TfSTINi  • 


D2-2786-8 


Testing  of  Tin1  f  l t .  >  Tia<.k  Link 

Two  J  of  t<  its  v.-.  ,  *  rsnJ  lo  evaluat.  ihe  cast'  TI-6AI-4V 
Flap  Track  Link.  One  ptoduclior.  AiSl  -13-T0  stejl  past  arid  one  cast 
Ti-(^Al-4V  part  were  static  co..i|n.  ^sion  loaded  to  failure  as  shown  in 
Figure  E5.  Thiee  steel  purts  and  six  cast  Ti— 5AI-4V  parts  were  fatigue 
loaded  to  faiiuie. 

The  AIS f  4340  pails  v.«.ie  obtained  directi/  nom  production 
stock  in  the  finished  condition.  They  had  been  heat  treated  to  the 
180,000  to  200,000  psi  ultimate  strength  range.  The  TI-6AI-4V 
castings  were  in  the  as-  cast  condition  and  had  been  pickled  to  re¬ 
move  .015  inches  materia!  thickness  per  surface.  The  static  tests 
failed  the  steel  component  at  127,600  pounds  load  and  the  cast 
TI-6AI-4V  component  failed  at  104,700  pounds  load.  The  mechanism 
of  failure  was  uniform  bending  of  the  shank  for  the  steel  part  and 
localized  crippling  of  the  tubular  portion  of  the  cast  Ti-6Al-4V  part. 

The  fatigue  tests  were  conducted  in  a  fixture  designed  to 
load  the  part  in  combined  bending  and  torsion,  to  simulate  expected 
service  conditions.  The  torsional  ioad  on  the  part  is  equal  to  6.17 
times  the  bending  Ioad.  The  results  of  the  fatigue  tests  are  as  follows: 


Material 

Bending 

Cycles  to 

Load, 

Pound* 

Failure 

Steel 

5000 

4,667 

3000 

24,330 

2000 

148, 231 

Cast  TI-6AI-4V 

2000 

11,602 

2000 

6,067 

1500 

AA  ADft 

1500 

57,557 

1000 

216,833 

1000 

1,000,000 
{Not  failed) 

Figure  E6  is  a  S-N  curve  of  these  fesf  :esuU$. 
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FIGURE  E6 

RESULTS  CF  FATIGUE  TESTS  OF  THE  FLAP  TRACK  LINK 


Cl 


LOAD  CYCLES 


D2-2786-8 


EVALUATION  TESTING 


FD 


Testing  of  The  Sway  Brace  Casa 

Static  tests  were  used  to  compote  the  properties  of  flye 
cast  Ti-6A1-4V  components  with  two  production  cast  type  4T0  steel 
components  heat  treated  to  the  150,000  psi  ultimate  tensile  strength 
level.  The  Ti-6AI-4V  castings  wote  in  the  as-cast  condition. 

The  test  setup  and  loading  conditions  were  as  shown  in 
Figure  E7  and  were  designed  to  simulate  actual  service  leads. 

No  casting  failures  were  experienced  in  the  tests  which 
loaded  the  large  lugs  in  compression  (Test  B  In  Figure  E7).  In  all 
trials,  the  bolt  which  loaded  the  lug  failed  in  shear. 

The  410  steel  cast  Sway  Brace  Cases  tested  as  shown 
in  Test  A  (Figure  E6)  failed  at  32,700  pounds  and  35,300  pounds 
tension  load.  Both  failures  were  in  the  upper  lug  and  exhibited 
good  ductility.  The  five  TJ-6AI-4V  castings  failed  at  22,900; 
23,400;  25,000;  25,000;  and  28,600  pounds  tension  loads  at  the 
same  location.  These  failures  exhibited  fair  ductility  but  not 
equivalent  to  the  410  steel  test  parts. 
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FIGURE  E7 

TEST  FIXTURES  FOR  THE  SWAY  BRACE  CASE 


D2 -2786-8 


EVALUATION  TESTING 


El  5 


Testing  of  The  Elevator  Torsion  Fitting 


This  component  is  a  part  of  a  missile  control  system  and 
was  designed  for  rigidity  rather  than  strength  or  fatigue  requirements. 
Consequently/  the  evaluation  tests  were  comparisons  of  rigidity  of 
the  cast  Ti-6Ai-4V  part  and  the  production  AIS1  4340  steel  part 
which  was  machined  from  bar  stock.  The  Ti-6Al-4V  parts  were  in 
the  as-cast  condition  and  the  steel  parts  had  been  heat  treated  to 
the  180/000  -  200,000  psi  ultimate  strength  level.  (Since  these 
parts  were  obtained,  this  production  component  has  been  redesigned 
as  a  type  410  steel  casting.) 

The  Torsion  Fittings  were  tested  in  a  fixture  adapted  to 
a  conventional  torsion  test  machine.  The  torsion  load  was  fed  into 
the  slotted  center  hole  and  the  reaction  load  restrained  at  the 
channel  ends.  Deflection  of  the  parts  was  measured  by  dial  indi¬ 
cators  supported  by  the  load  imput  bolts  and  cantilevered  to  the 
channel  ends.  A  schematic  load  diagram  is  shown  in  Figure  E8. 
Typical  ioad-defieclion  curves  obtained  From  these  tests  are  shown 
as  Figures  E9  and  E1Q. 


FIGURE  E8 

LOAD  SCHEMATIC  FOR  ELEVATOR  TORSION  FITTING 
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FIGURE  E9 

RESULTS  OF  DEFLECTION  TEST  OF  CAST  Ti-<  AI-4V  ELEVATOR  TORSION  FITTING 
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Testing  of  The  Inboard  Horizontal  Stabilizer  Nib 

Since  this  part  was  not  satisfactorily- produced  as  a  titanium 
alloy  casting,  no  tests  were  conducted. 
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DEVELOPMENT  OF  CASTING  SPECIFICATIONS 


A  tentative  material  specification  for  procurement  of  air¬ 
frame  quality  Ti-6Al-4V  castings  has  been  developed  and  is  presented 
on  page  F3..  This  specification  is  based  on  the  conclusions  made  from 
the  development  work  conducted  in  this  program  and  from  experience 
gained  In  development  and  use  of  other  casting  specifications. 
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TENTATIVE  SPECIFICATION  -  TITANIUM  ALLOY  CASTINGS 
(Ti-AAMV) 

Tentative  Boeing  Material  Specification  UMS  7-111 
Oregon  Metallurgical  Coiporalion  Specification — OMC  164 


1.  ACKNOWLEDGMENTS: 

1.1  A  vendor  shall  mention  this  specification  number  in  all  pertinent  quotations 
and  wlien  acknowledging  purchase  onlers. 

2.  APPLICABLE  SPECiEICATIONS: 

2.1  The  following  specifications,  of  the  issue  in  effect  on  date  of  Invitation  for  bids, 
form  a  part  of  this  specification  to  the  extent  herein  described: 

2.1.1  M I L-I -6365  Inspection,  Radiographic 

2.1.2  MI L-l-6866  Inspection,  Penetrant 

2.1.3  MIL-C-6021  Castings,  Classification  and  Inspection 

2.1.4  Federal  Test  Method  Standard  No.  151 

2.1.5  Reference  Radiographs  for  Titanium  Castings  (Boeing  Document  D2-2786-9) 

3.  APPLICATION: 

3.1  This  specification  is  piiniui  ily  for  high  strength  titanium  alloy  aircraft  castings 
requiring  room  temperature  ultimate  tensile  strength  above  140,000  psi,  light 
weight,  and  good  corrosion  resistance. 

4.  TYPES  AND  GRADES: 

4.1  Unless  otherwise  specified,  castings  aie  to  be  in  the  as-cast  condition.  If 
annealed  condition  is  specified,  the  annealing  heat  treatment  shaii  be  IG0G=F 
for  4  hours  followed  by  oil  cool. 

4.2  Casting  classification  shall  be  us  specified  On  the  applicable  casting  drawing. 
Class  definitions  shall  be  as  specified  in  MIL-C-6021  „ 

CASTING  METHOD: 

5.  1  Custitiji  mollis  slinll  be  lammed  graphite  mixed  with  suitable  binders,  unless 
other  ‘.[lie  I  lii:. I 


5. 
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5.2  Melting  slmll  he  by  tiio  vacuum  double- moil  process  when  the  titanium  source 

is  either  row  sponge  or  mw  sponge  c omp.ii  ts .  Use  of  titanium  solids  in  preparation 
of  electrode  stock  is  permitted,  provided  ell  other  requirements  of  this  specifi¬ 
cation  are  met.  All  molting  shall  be  by  the  vacuum  consumable-electrode  process. 


A.  COMPOSITION: 


A  1 


Castings  shall  be  of  the  fallowing  composition; 


Car  bon 

Hydrogen 

Nitrogen 

Oxygen 

lion 

Aluminum 
Vanadium 
Ollier  Elements 
Titanium 


Weight  Pur  Cent 

.10  max. 

.01 5  max. 
.07  max. 

. 25  max . 

.30  max. 

5.5  -  6.5 

3.5  -  d.5 
.4  max. 
Balance 


6.2  Each  heat  shall  be  analyzed  for  each  of  the  elements  listed  in  paragraph  6.1 

except  titanium.  Chemical  analysis  of  each  lot  shall  bo  certified  by  the  vendor. 
Analysis  for  hydrogen  shall  be  on  samples  removed  after  all  vendor  processing. 
All  analyses  shall  hr:  per  formed  using  equipment  and  procedures  approved  by 
the  procuring  agency.  Hydrogen  analysts  sample  shall  be  removed  from  a 
location  designated  on  the  casting  diawlng,  or  fiuni  a  separate  coupon  from 
the  some  heat  and  processed  at  the  same  time  as  the  casting  lot.  This  coupon 
shall  be  no  thicker  than  the  thinnest  section  of  tire  casting. 

/.  QUALITY: 


7.1  Castings  shall  be  uniloim  in  quality  and  condition,  well  cleaned,  and  have 

a  unitoiiniy  smooth  Surface  compatible  with  the  Casting  process.  Castings  shall 
be  free  of  sur  fo<  «  t  onHimhiuf  ton  (such  us  oxygen,  nitrogen,  oi  other  foreign 
contaminants). 

7.2  Unless  Ollier  wise  spec  ifi  ed,  metallic  gilt  or  shot  shall  not  he  used  for  final 
cleaning . 

/  .  ,J  C.  listings  shall  lint  he  li|>ulie-  I  by  pi  V,'jMin:|#  }*«:rn!uj#  til  ullici  IlitrjIiOili 

will. out  Wl  i  I  I  it  I  (..  I  .11 »  >  ,i:  *1 .  II  |  1  ltd  |jI <*«  lllllnj  t  II  i«H  .«  •  , 
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7.4  The  areas  of  castings  subject  to  soundness  requirements  shall  be  as  specified, 
and  the  number  and  extent  of  defects  in  such  areas  shall  not  be  greater  than 
indicated  by  the  standard  furnished  or  approved  by  the  procuring  agency. 
Combinations  of  cracks,  shrinkage  cavities,  cold  shuts,  misruns,  or  other 
defects  not  individually  cause  for  rejection,  but  which  are  so  aligned  as  to 
cau$9  stress  concentration  are  cause  for  rejection. 

7.5  When  soundness  is  specified  in  accordance  with  paragraph  7.4,  it  shall  be 
determined  ?n  accordance  with  visual,  penetrant,  and  radiographic  inspection 
methods  established  by  MiL-C-6021,  MIL-l-6865,  and  MIL-l-6866. 

8.  TENSILE  PROPERTIES: 


8. 1  All  test  specimens  shall  be  cast  in  a  graphite  mold  in  the  same  heat  and  in  the 
same  manner  as  the  castings  which  they  represent. 

8.2  Two  cast  test  bars  per  heat  shall  be  furnished  to  the  purchaser.  Bars  shall  be  of 
sufficient  size  to  be  machined  into  type  R3  specimen  in  accordance  with 
Method  211 . 1  of  Federal  Test  Method  Standard  No.  151 . 

8.3  Vendors  shall  conduct  at  least  two  tensile  tests  per  heat. 

8.4  Tensile  tests  are  to  be  performed  in  accordance  with  Federal  Test  Method 
Standard  No.  151  using  type  R3  specimen.  Strain  rate  shall  be  .005  4  .002 
in/in/min  through  0.2  per  cent  strain. 

8.5  Tensile  properties  of  each  separately  cast  specimen  or  specimen  sectioned  from 
a  critical  area  of  a  IA  casting  shall  meet  or  exceed  the  following  minimum 
values: 


Ultimate  tensile  strength  - - - - -  1 40, 000  p: 

Yield  tensile  strength  (.2%  offset)  -  -  -  -  -  - - -  122,000  p: 

Elongation  -  -  - - - - - - -  -  5  per  cer 

Reduction  of  area  -  --  --  --  --  --  --  --  --  --  --  --10  per  cer 


A  mri  »*r  i  r-  <  »«  «  ***  •  »  • 

7.  iucini  irr—  ikJiN: 


9.1  Unless  otherwise  specified,  each  casting  shall  be  identified  with  the  part 
number  and  a  vendor  identification  symbol  approved  by  the  purchaser  by 
the  use  of  raised  figures  in  a  location  indicated  on  the  drawing.  When 
no  location  is  shown  on  the  drawing,  the  number  shall  be  so  located  as  not 
to  be  machined  off  in  finishing  to  !he  required  casting  dimensions.  Such 
numbers  shall  not  be  at  indicated  tool  point  locations. 
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10.  CHEMICAL  REMOVAL  OF  SURFACE  MATERIAL 

10.1  If  pickling  is  specified,  castings  shall  be  pickled  to  remove  .015  inch  minimum 
material  thickness  per  surface.  Foreign  material,  such  as  particles  of  mold, 
adhering  to  the  casting  surface  shall  be  removed  prior  to  pickling.  Castings 
shall  not  be  peened,  abrasive  blasted  or  otherwise  finished  after  pickling, 
unless  otherwise  specified. 

11.  CERTIFICATION: 

11.1  Three  copies  of  a  quality  certification  shall  accompany  or  precede  each  lot 
of  castings.  The  certification  shall  include  results  of  analyses  in  accordance 
with  paragraph  6.2,  the  results  of  tensile  tests  in  accordance  with  paragraphs 
8.3  and  8.4,  the  vendors  heat  number,  the  thickness  of  material  removed  by 
pickling  in  <  ccordance  with  paragraph  10.1,  the  quantity  of  castings  con¬ 
stituting  that  lot,  the  casting  part  number,  and  the  purchase  order  number. 

12.  DEFINITIONS: 

12.1  A  lot  consists  of  castings  of  the  same  heat,  the  same  configuration,  the  same 
condition,  processed  at  the  same  time,  and  submitted  for  inspection  at  the 
same  time. 

12.2  A  heat  consists  of  the  material  produced  in  one  melting  and  pouring  cycle. 
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DEVELOPMENT  OF  MINIMUM  PROPERTY  VALUES 


A  croup  of  196  heats  of  cost-  Ti-6A1-4V  alloy  wore  studied 
to  establish  minimum  property  values  for  separately  cast  test  bars,  for 
design  purposes.  The  heats  were  ail  those  produced  prior  to  the 
production  run  which  were  within  the  composition  limits  established 
by  the  specification  (pane  F3)  and  for  which  mechanical  properties 
data  were  available,  with  the  exception  of  a  small  number  of 
experimental  low-interstitial  heats  which  were  poured  durino  study 
of  melting  practice. 

The  ultimate  tensile  strength,  yield  strength,  elongation, 
and  reduction  of  area  values  for  these  heats  were  averaged  arid  the 
standard  deviations  determined  by  conventional  statistical  analysis 
methods  as  shown  in  the  appendix  to  this  report. 

Both  "A*1  cind  “B"  design  values  were  determined.  For  a 
“normal  “  distribution,  “A"  values  assure  to  a  95%  confidence  level 
that  99  percent  of  tin  distribution  will  exceed  the  “A"  value  given. 

The  “B"  design  value  assures  to  the  same  confidence  level  that  90 
per  cent  of  the  distribution  will  exeted  the  “B“  value.  Although 
mechanical  property  distributions  are  not  "normal"  in  that  the  dis¬ 
tribution  curve  is  slightly  skewed  toward  the  high-value  end  of  the 
curve,  this  analysis  method  is  convenient  and  the  srrsoll  error  involved 
Is  in  the  conservative  direction. 

In  accordance  with  Cor.vair  Astronautics  Document  AZS-27-274 
"Statistical  Determin  .tion  of  Strength  Properties",  2.573  standard  devia¬ 
tions  were  subtracted  from  the  property  averages  to  establish  "A"  design 
values  ana'  1.452  stand  .rd  deviations  were  subtracted  from  lire  averaaes 
to  establish  "B"  values.  This  method  is  usually  applied  to  strength  values, 
but  is  also  suitable  for  establishin  ,  tire  ductility  mitiimums.  The  uver- 
a9es/  "A 11  values,  und  "B"  values  obtained  were  as  follows: 

“A'*  “B“ 


Aveluge 

Mini  mum 

Minimum 

Ultimate  Tensile  Strength,  KSl 

146.8 

135.0 

140.0 

Yield  Siren;. th,  KSl,  .2%  Offset 

i29.8 

1 1  6.0 

122.0 

Elongation,  per  cent 

8.0 

3.2 

5.3 

Reduction  of  An  a,  p..r  cent 

15.3 

5.7 

9.6 
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COMPRESSION,  BEARING,  AND  SHEAR  PROPERTIES 


Room  temperature  compression,  bearing,  and  shear  tests  were 
conducted  to  provide  basic  properties  values  for  design  purposes.  Tensile 
tests  from  the  same  heats  were  also  conducted  for  reference.  The  results 
were  as  follows: 

Tensile  Tests 


Heat 

Number 

Ultimate 

Tensile 

Strength, 

KSI 

Yield 

Strength, 

KSI  (.2%) 

Elong. 

Per  Cent 

R.  A*, 

Per  Cent 

P441 

152.5 

138.0 

9 

17 

P483 

141.3 

129.0 

12 

18 

P494 

143.5 

130.5 

10 

17 

Compression  Tests 

Hafif 

Yield 

Modulus  of 

1  tout 

Number 

Strength, 

KSI  (.2%) 

Elasticity, 

KSI 

P441 

141.0 

18.3 

P483 

148.7 

17.9 

P494 

135.5 

17.7 

Bearing  Tests 

Ultimate 

Yield 

Hole 

Edge 

1  ieat 
Number 

Bearing 

Strength, 

Bearing 

Strength, 

Diameter, 

Inches 

Margin  , 
Inches 

KSI 

KSI* 

P441 

239.1 

215.9 

.  1 599 

.2566 

P483 

225.0 

194.1 

.1600 

.2573 

P494 

235,0 

20B.9 

.1599 

.2574 

*  Based  on  offset  of  2  per  cent  of  hole  diameter 
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Shear  Tests 

Heat 

Number 

Ultimate 
Shear 
Stress,  KS1 

P44I 

96.3 

P483 

90.8 

P494 

97.3 
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DEVELOPMENT  OF  REFERENCE  RADIOGRAPHS 


machined  from  i  lie  discs  which 


X-ray  reference  radiographs  were  prepared  from  specimens 
were  cast  during  the  feeding  studies. 

The  radiographs  of  the  discs  of  proper  thickness  (i/4,  1/2,  and  1  inch 
thicknesses)  were  examined  and  sections  which  represented  reasonable 
gas  and  shrinkage  porosity  quality  gradients  were  selected  and  machined 
from  the  discs.  Other  casting  imperfections  found  in  steel,  aluminum, 
and  magnesium  alloy  castings  (such  as  heavy  inclusions,  dross,  micro¬ 
shrinkage,  segregation,  internal  cracks,  and  internal  cold  huts)  were 
not  experienced  in  the  titanium  alloy  castings,  with  the  exception  of 
mold  material  (graphite)  inclusions.  This  defect  was  not  often  ob¬ 
served,  and  when  it  was  found,  it  was  similar  in  appearance  on  the 
radiograph  to  shrinkage  porosity.  Consequently,  the  defects  shown 
in  the  shrinkage  porosity  reference  radiographs  can  be  applied  to 
graphite  inclusions,  since  the  appearance  and  stress  concentration 
effects  of  these  types  of  defects  are  similar.  The  reference  radiographs 
are  attached  to  the  back  cover  of  this  report  so  that  they  may  be 
readily  removed  for  use.  These  radiographs  were  prepared  to  a  film 
density  of  1 .9  to  2.2  (American  Standard  Printing  Density  P2-3)  so 
that  they  may  be  directly  compared  to  typical  casting  radiographs. 
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DEVELOPMENT  OF  DIMENSIONAL  TOLERANCE  CRITERIA 


Nine  dimensions  were  selected  from  the  Development  Bracket 
and  the  Flap  Track  Link  for  analysis  of  deviations  from  the  desired  dimen¬ 
sions.  The  dimensions  were  selected  to  enable  separation  of  the  effects 
of  parting  plane  causes  of  deviation  from  the  basic  tolerance  characteristics 
of  the  rammed  graphite  mold  casting  process.  Fifty  of  each  part  were 
studied. 


There  are  several  obvious  sources  of  dimensional  variance  In 
castings.  Examples  are;  deviation  of  the  pattern  dimensions  from  the 
desired  nominal  dimensions,  the  inaccuracy  of  the  established  average 
shrinkage  of  mold  and  metal,  the  variations  in  mold  and  metal  shrink¬ 
age  from  the  established  average,  the  inconsistencies  in  mold  ramming 
and  drawing  practice  from  mold  to  mold,  the  inability  of  the  foundry 
to  establish  the  proper  pattern  dimensional  corrections  after  a  casting  • 
trial  (due  to  the  impractical ity  of  pouring  enough  trial  casting  to  es¬ 
tablish  true  process  average  dimensions),  variations  in  casting  cleanup 
practice  (removal  of  gates,  risers,  flash,  etc.),  variations  in  pouring 
temperature  and  practice,  and  variations  in  mold  material  quality  and 
in  mixture  ratios. 

Theeffectsof  these  causes  of  dimensional  variation  are 
cumulative  and  each  cause  represents  a  separate  avenue  for  potential 
Improvement  in  dimensional  quality. 

The  dimensions  selected  for  study  represent  three  general 
types  of  tolerances.  Four  simple  dimensions  which  were  not  across  the 
parting  plane  were  selected  for  establishment  of  a  basic  tolerance. 
These  dimensions  varied  from  .2  to  9.6  inches.  Three  dimensions  of 
similar  magnitude  but  across  and  parallel  to  fht:  parting  plane  were 
selected  to  separate  the  effects  of  pattern  and  mold  mismatch.  Two 
dimensions  which  were  across  and  perpendicular  to  the  parting  plane 
were  studied  to  separate  the  effects  of  poor  parting  plane  fitup  other 
than  mismatch. 

The  results  of  these  studies  are  in  Table  J24  and  frequency 
distribution  but  charts  for  each  of  the  dimensions  studied  are  presented 
as  Figures  FI  through  T9.  Recommended  minimum  design  tolerances 
were  computed  from  these  data.  The  actual  values  foi  each  dimension 
were  averaged  and  the  standard  deviation  was  then  calculated  as 
explained  in  the  Appendix.  Three  siundcud  deviations  were  used  to 
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Re¬ 


establish  the  recOiTH? .ended  tr.iniiuum  tolerances.  Such  a  tolerance  will 
make  approximately  99.7  per  cent  of  the  dimensions  in  a  normal  distri¬ 
bution  acceptable,  provided  that  the  average  of  the  distribution  is 
exactly  the  desired  nominal  dimension.  Obviously,  it  never  will  be; 
therefore,  the  actual  number  of  rejected  dimensions  will  be  greater  than 
the  0.3  per  cent  implied,  the  amount  dependent  on  how  close  the  foundry 
can  make  their  average  approach  the  desired  nominal  dimensions.  The 
usual  practice  is  to  cast  one  or  two  trial  pieces,  inspect  them,  and  make 
pattern  corrections.  This  practice  will  reveal  only  large  errors,  since 
any  dimension  on  one  individual  part  will  rarely  indicate  the  average 
of  a  large  number  of  pieces. 

General  rules  for  recommended  design  dimensional  tolerances 
for  dimensions  up  to  ten  inches  were  derived  from  the  results  of  this 
study,  as  follows: 

(a)  For  simple  dimensions  under  one  inch  that  do  not  cross 
the  mold  parting  plane,  use  a  basic  dimensional  tolerance 
of  plus  or  minus  .015  Inch.  If  the  dimension  exceeds  one 
inch,  add  .005  inches  to  the  basic  tolerance  for  each 
whole  inch.  Examples  are  0.620  *  .015,  1.135  4  .  020, 
4.720  *  .035. 

(b)  For  dimensions  that  cross  the  parting  plane  and  are  es¬ 
sentially  perpend! Cular  to  It,  add  .008  Inch  to  the 
tolerance  calculated  as  in  (a)  above.  Examples  are 
0.620  t  .023,  1.135  ±  .028,  4.720  -t  .043. 

(c)  For  dimensions  that  cross  the  parting  plane  and  are  es¬ 
sentially  parallel  to  it  (i.e.  mismatch),  add  .020  inch 
to  the  tolerance  calculated  as  in  (a)  above.  Examples 
are  .620  ±  .035,  1.135  ±  .040,  4.720  ±  .055. 

These  dimensional  tolerances  represent  minimums.  Larger 
tolerances  should  be  used  when  practical.  It  is  anticipated  that  some 
improvement  in  available  minimum  tolerances  (particularly  In  mismatch) 
will  occur  as  the  mold  preparation  process  becomes  mechanized.  All 
rammed  molds  in  this  program  were  manually  prepared  with  the  aid  of 
a  pneumatic  rammer. 
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FIGURE  FI 

DIMENSION  DISTRIBUTION  IN  DEVELOPMENTAL  BRACKET 


This  dimension  is  Lasic,  both  surfaces  being  in  the 
same  mold  half.  The  desired  dimension  was  .200  ±  .015  inches. 
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FIGURE  F2 


DIMENSION  DISTRIBUTION  IN  DEVELOPMENTAL  BRACKET 


This  dimension  is  basic,  both  surfaces  being  in  the 
same  mold  half.  The  desired  dimension  was  .650  3- 


.015  inches. 
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FIGURE  F3 

DIMENSIONAL  DISTRIBUTION  IN  DEVELOPMENTAL  BRACKET 


This  dimer«sion  Is  basic!  both  surfaces  being  in  the 
same  mold  half.  The  desired  dimension  was  3.050  *  .015  inches. 
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FIGURE  F4 

DIMENSIONAL  DISTRIBUTION  IN  FLAP  TRACK  LINK 


This  dimension  is  basic,  both  surfaces  being  in  the  same 
mold  half.  This  dimension  was  not  directly  specified  on  the 
engineering  drawing,  but  Is  controlled  by  two  cumulative  di¬ 
mensions.  It  was  selected  because  it  was  convenient  to  measure 
and  represents  a  large  dimension  on  the  part. 


9.54  9.56  9. 5b  9.6(»  9.6?  9.64  9.66 
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FIGURE  F5 

DIMENSIONAL  DISTRIBUTION  OF  DEVELOPMENTAL  BRACKET 


This  dimension  is  across  the  parting  plane  and  is  per¬ 
pendicular  to  it.  It  represents  the  basic  tolerance  plus  the  added 
dimensional  variations  resulting  from  misfit  of  the  mold  parting 
plane.  It  does  not  involve  mismatch.  The  desired  dimension 
was  1 .520  +  .025  -  .015  inches. 
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FIGURE  F6 


DIMENSIONAL  DISTRIBUTION  OF  DEVELOPMENTAL  BRACKET 


This  dimension  Is  across  the  parting  plane  and  Is  per¬ 
pendicular  to  it.  It  represents  the  basic  tolerance  plus  the  added 
dimensional  variations  resulting  from  misfit  of  the  mold  parting 
plane.  It  does  not  involve  mismatch.  The  desired  dimension 
was  2.520  +  .025  -  .015  inches. 


2.10  2-Si  2.5 1  :  M  2  54  2  i'» 
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FIGURE  F7 

DIMENSIONAL  DISTRIBUTION  OF  DEVELOPMENTAL  BRACKET 


This  dimension  Is  across  the  parting  plane  and  is  parallel  to  It. 
It  represents  the  baste  dimensional  tolerance  plus  the  added  variations 
resulting  from  pattern  and  mold  mismatch.  The  desired  dimension  was 
not  directly  specified.  It  was  measured  For  comparison  with  Figure  F2 
to  separate  mismatch  effects. 
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FIGURE  F6 

DIMENSIONAL  DISTRIBUTION  OF  DEVELOPMENTAL  BRACKET 


This  dimension  is  across  and  parallel  to  the  parting  plane.  It 
represents  the  basic  tol erance  plus  effects  of  pattern  and  mold  mismatch. 
The  desired  dimension  was  3.050  t  .015  inches. 
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FIGURE  F9 

DIMENSIONAL  DISTRIBUTION  OF  FLAP  TRACK  LINK 


This  dimension  is  across  and  parallel  to  the  parting 
plane.  It  represents  the  basic  tolerance  plus  effects  of  pattern 
and  mold  mismatch.  The  desired  dimension  was  10.630  ± 

.050  inches. 
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The  following  conclusions  are  based  on  the  development 
work  performed  during  this  program  „  They  are  listed  in  the  same  order 
as  the  corresponding  discussions  in  this  report,  except  for  the  first  three 
conclusions  which  are  of  a  general  nature. 


1 .  A  complete  commercially  feasible  process  was  developed  for  produc¬ 
tion  of  titanium  alloy  castings  of  the  type,  sizes,  and  quality  required 
for  aircraft  and  missile  application. 

2.  A  practical  demonstration  of  the  process  was  accomplished  by  pro¬ 
duction  of  quantity  lots  of  several  airframe  structural  shapes. 

3.  A  procurement  specification,  quality  control  procedure,  inspection 
standards,  and  design  criteria  were  established  to  permit  production 
application  of  titanium  alloy  castings. 

4.  A  vacuum,  consumable-elec  :ode,  arc  furnace  with  water-cooled 
copper,  tilt  pour  crucible  is  suitable  for  melting  and  pouring  of 
production  heats  of  titanium  alloys. 

5.  Preparation  of  melting  electrode  stock  may  be  satisfactorily  done 
by  inert-gas  shielded  arc  weiding  of  pressure-compacted  titanium 
sponge  mechanically  mixed  with  the  proper  alloying  additions,  or 

by  similar  welding  of  titanium  solids  from  previous  melting  operations. 
Care  in  welding  must  be  exercised  to  minimize  oxygen  and  nitrogen 
contamination  of  the  electrode  stock. 


6,  Foundry  and  other  scrap  may  be  satisfactorily  recycled  to  produce 

aircraft  quality  titanium  oustings,  provided  additional  low-interstitial 
stock  is  added  to  dilute  the  interstitial  content.  It  will  be  necessary 
to  occasionally  discard  foundry  scrap  if  the  interstitial  level  becomes 
too  high.  This  con  bs  mini  ml  zsd  if  electrode  welding 

i 5  conducted  *n  an  inert  gas  chamber- 

7.  An  expendable  rammed  graphite  mold  has  been  found  suitable  for  pro* 
ductior*  CGG  ting  of  titanium  alloys.  Properties  of  the  mold  were  deve¬ 


loped  und  are  presented  and  di;; 


U  S'1 


B  of  this  report. 
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8=  A  graphite-base  shell  mold  was  developed,  which  with  further 
development  aimed  at  increasing  its  resistance  to  penetration, 
offers  considerable  potential  as  a  production  mold.  At  the  present 
stage  of  development,  shell  graphite  molds  are  suitable  for  small 
shapes. 

9.  Development  of  an  investment  graphite  mold  suitable  for  crating 
of  titanium  was  partially  accomplished.  The  successful  develop¬ 
ment  of  such  a  mold  appears  feasible  if  based  on  the  use  of  graphite. 

10.  Used  rammed  graphite  mold  materials  were  satisfactorily  reused  to 
make  new  molds. 

11 .  Feeding  characteristics  were  determined  for  titanium  alloy  Ti-6A1- 
4V  cast  in  rammed  and  machined  graphite  molds. 

12.  Shrinkage  porosity  in  cast  titanium  appears  as  distinct  voids  on  the 
X-ray  film,  rather  than  as  cloudy  low-density  areas. 

13.  Less  taper  is  generally  required  in  rammed  than  in  machined  graphite 
molds,  for  equivalent  soundness. 

14.  Increasing  the  amount  of  taper  progressively  improves  feeding  distance 
in  rammed  molds.  In  the  case  of  machined  graphite  molds  the  feeding 
distance  decreased  unti  I  taper  exceeded  three  or  four  degrees,  and 
then  increased. 

15.  The  effectiveness  of  taper  decreases  as  the  section  thickness  in  In¬ 
creased  , 

16.  The  tapers  required  to  cast  sound  sections  were  established  ir.  relation 
to  thickness  and  are  shown  in  Figure  B18. 

17.  The  use  of  heated  molds  did  not  appreciably  improve  the  feeding  of 
casi  TI-6AI-4V  bur  aid  decrease  the  gas  porosity  problem,  apparently 
because  of  reduced  moisture  pickup  during  mold  assembly. 

18.  The  feeding  distance  in  shell  graphite  molds  appeared  to  be  signifi¬ 
cantly  superior  to  rammed  and  machined  graphite  molds. 
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19. 


20. 


21. 


22. 


23. 


24. 


25. 


26. 


27. 


The  feeding  characteristics  of  centrifuge  cast  T5-6AI-4V  discs 
were  not  significantly  different  from  the  similar  discs  which  were 
statically  cast. 

Castings  which  are  centrifuge  cast  should  be  fed  such  that  the 
metal  enters  the  mold  from  the  trailing  side  of  the  casting  and 
from  the  outside  (away  from  the  centrifuge  axis).  This  is  neces¬ 
sary  to  minimize  poor  casting  surface  resulting  from  turbulent 
metal  flow  into  the  mold  cavity. 

Removal  of  gates  and  risers  from  the  castings  by  power  saw  or 
abrasive  cut-off  wheel  have  been  found  to  be  satisfactory. 

Use  of  oxy-acetylene  torch  increases  interstitial  contamination 
of  the  scrap  and  requires  excessive  hand  grinding  to  clean  up 
the  casting. 

Grinding  and  belt  sanding  is  satisfactory  for  primary  clean  up  of 
titanium  castings.  Grit  blasting  is  satisfactory  for  removal  of 
mold  particles  and  surface  oxides.  Sand  blasting  is  satisfactory 
for  final  clean  up. 

A  satisfactory  acid  solution  and  processing  technique  was  deve¬ 
loped  for  chemical  removal  of  surface  material  from  titanium 
castings. 


For  best  fatigue  properties,  0.015  inch  per  surface  should  be 
chemically  removed  from  Ti-6A1-4V  castings,  using  the  solution 
and  process  developed . 


At  the  present  stage  of  development,  unalloyed  titanium  and  Ti- 
6AI-4V  are  suitable  for  "standard"  casting  alloys. 


A  satisfactory  heat  treatment  to  improve  the  properties  of  cast  Ti- 
6A! -4V  was  not  developed,  the  best  piopeines  being  ubfainea  in 
the  as-cast  condition. 


TI-2Cu  casting  alloy  has  ductility  superior  to  cast  unalloyed  titanium 
which  has  been  strengthened  to  the  same  level  by  interstitial  additions. 
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28.  The  properties  of  a  titanium  costing  alloy  containing  four  to  six 
per  cent  aluminum,  four  to  six  per  cent  tin,  eight  to  ten  per  cent 
zirconium,  and  two  to  four  per  cent  vanadium  are  slightly  better 
than  those  of  cast  Ti-6Al-4V.  Additional  work  is  needed  to  es¬ 
tablish  the  best  composition  for  this  alloy. 

29.  The  affects  of  the  interstitial  and  alloying  elements  in  cast  Ti- 
6AI--&V  were  determined.  Composition  limits  were  established. 

30.  Elevated  temperature  tensile  properties  for  as-cast  Ti-6Al-4V 
were  determined. 

31 .  Four  of  the  five  shapes  selected  for  study  as  titanium  alloy  castings 
were  successfully  developed  and  produced.  The  fifth  shape  was 
too  large  for  the  available  equipment. 

32.  Properties  of  the  four  developed  shapes  were  compared  with  the 
corresponding  production  components  by  structural  testing. 

33.  Statistically  valid  minimum  ue»iyn  u'lowuLles  were  established 
for  the  as-cast  Ti-6AI-4V  alloy. 

34.  Minimum  dimensional  tolerances  for  design  purposes  were  deter¬ 
mined. 
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The  following  recommendations  are  based  on  the  work  done 

during  this  contract. 

1.  Further  development  of  an  investment  casting  mold  and  process  Is 
recommended. 

2.  Further  development  of  casting  alloys  Is  recommended,  aimed  at 
higher  strength  properties. 

3.  Development  of  composition  limits  and  a  casting  specification  for 
the  four  to  six  per  cent  aluminum,  eight  to  ten  per  cent  zirconium, 
and  two  to  four  per  cent  vanadium  titanium  casting  alloy  Is  recom¬ 
mended,  to  take  advantage  of  the  s u p  e r  I  o  r i  t y  of  this  alloy 
over  the  TI-6AI-4V  casting  alloy. 


D2-2786-8 


J1 


SECTION  J 


tables 


MELTING  RECORD 


J2 


D2-2786-8 


TABLES 


-  a 

>0  v»| 

i  t 


5  sal 


^  5  c| 

a  "a 


£J\ 

s  x; 

i  a 

J'*i 


?  * 

o  o 


ti 

lui  a 


2i 


IA 

lA 

u> 

-* 

IA 

cm 

m 

rs 

IN 

CM 

- 

IX> 

in  4 

cn 

in 

IAIA4  «N 

u\  ia 

CM 

N 

CM 

o 

N 

4 

N 

«n 

2? 

*4 

s? 

0) 

IS 

4- 

as 

o 

m 

£ 

—  • —  ov  m  cn 
03  CO  vO  —  — 

tJ\  (TV 

O 

ov 

VO 

(A 

s 

CM 

vo 

o 

<A 

s 

o 

m 

o 

to 

oo  in 

co  CM 

aa 

aaass 

f*\  iA 
—  C-l 

N 

CO 

CM 

CM 

VO 

00 

■A 

vo 

CO 

vo 

cn 

cn-r 

0\  Ov 

«n 

in 

IA  OMA  lA  O 
NVOIS.MA 

—  -t 

*A  (X\ 

m 

'S 

(A 

a 

3 

(A 

o 

•A 

Ov 

»n 

a 

IS 

IA 

CM 

vO 

o» 

m 

CM 

m 

8 

N^ON  A 
IACO  fMtn  ffi 

VO  K 
ai  ar% 

(4 

£n 

<4 

in 

o 

cs 

a 

« 

CO 

cn 

i 

cn 

a\ 

cn 

<n 

rs  cm 
*jv  (A 

o 

cn 

a 

iA 

M 

m 

in 

m 

CM 

CO 

IA 

W 

a 

-4 

VO 

CO 

-4 

vO 

CO 

CO 

vO 

NO 

IA 

V  cn 

1"' 

m 

s 

in 

r*» 

An 

O 

* 

a 

o 

CM 

IA 

o  o 

o 

m 

a 

a 

in 

vO 

in 

im 

f-. 

-4 

vp 

4 

ss 

cn 

QO 

iQlA  ifliA 

iANONN 

as 

o 

3 

iA 

fs. 

m 

o 

•n 

IA 

«M 

m 

fv. 

a 

im 

cn 

in 

CM 

cn 

—  o 

CM  m 

o 

m 

vOcnO\m~ 

o  m 
<n  — 

UJ 

in 

m 

N 

«n 

<n 

a 

cn 

a 

«M 

a 

vp 

4  o 

CM  IA 

—  in 
CM  — 

CM 

a 


VO  'O  CO 


s 


a  t 


«n  O)  w 


'O 

3 


■AO  O  O 
jsmtAis 


S  13 


Q  O  O  poo  IA»A  O  O  CJ  O  O  o 

2  »  a  asssias^sioas 


O  >A*A*A  OOD  IO-AUMO  uu  J  u  in  O  u  tJQ  QmOOOOOin  O  C>  o  O  QiAQO 

<n  ^  iAQ  cm  r-«  cm  rs  rst^mrs..4cQr'l|Q,*>“'  ?  NNovgoujN  5  ^  q  o  oji^o  ja 


-jcNOf^-o  »a  q  m  o  o  p  r»  o 

■4  CM  in  m  O  O  -T  -4  VA  iA  4  m  O 


3  8 


<hwm<nq\  <r,  <n  (A  p>  cn  m  m  n  q\  m  «n  ai  not  <n<n  o\  n  oi  &\ 


'O  'A  iA  miA 

vO  iiv-$  Cm-^  4 


O  IAN  ON  O  o 

rt4<*MA«fl  iau\ 


n-  cn  r-»  f'  r» 


.  miA  iv  r*.  ^ 

A  4-  4  4  .14  Arv  i  »i 


“>  *n  u\ 


rv  o\  O  IA01  o  o 
>n  -4  m  r a«a  iA  vo 


33333 

333 

CM 

-4 

33 

cM 

•4 

4 

3 

3 

33 

3 

3 

3 

33 

o  o  o  o  o 
88888 

88 
&  O 

l-  o 
88 

o  o 
a  o 
o  o 

o 

8 

o 

o 

o 

O 

8 

o 

o 

o 

8  g 
o  S 

o 

3 

000 

000 

§i 

cM  N  «v|  cM  «M 

CM  CM 

<M 

lO  CM 

CM 

CM 

CM* 

N 

r- 

M 

«M 

r4  rc 

e 

8 

4  4 

1  1 

i-f 

4 

4 

1 

T 

-J 

1 

f 

T 

4 

1 

t 

it 

is  S  is  is  is 

53 

■^.3 

3 

•t 

O 

5 

3 

5 

3 

5 

3 

3 

33 

t“  H  t~  h  t" 

»-  1- 

<2  H* 

H 

y~ 

h 

H 

H 

»■ 

r-  h- 

—  —  —  —  *M 

■i  — 

7  7 

_ 

. 

„ 

_ 

•i-.  »n 

a  a  a  a  a 

aa 

•S  CM 
*M  CM 

a 

-M 

CM 

M 

•< 

a 

a 

a 

a 

a 

«M  M 

re  4 

-.7  71? 

8  1  A  H  l. 

«2  — - 

1  ( 

+.  «. 

-O  Ifi 

t  1 
a.  m. 

a. 

c 

» 

a 

A 

1 

<2 

2 

a- 

•7 

i 

r 

-.7 

3  3 


|  N  N  CM 


f|~  ^ 

a  aaa  a 

i  :.  !:•-  M 


TI6AI-4V  12,000  1*0  2,9  5  1*5  I75  225  30.88  24.62  Hone  51.0  28.62  56.5 


TABLE  J?  (Confinued) 


D2-2786-8 


J3 


TABLES 


Q 

££ 

o 

u 

LU 

O' 

o 

z 


LU 


*|3 1 


.-A 


54 


3 

K  * 


£  3 


SM 


* 

I***  o' 


?  c 

I'-  * 


Ol  N 


u  a 


j  - . 


(5^>  »0  N  I 


<35  $ 


•4  «i»v 

Wooten 


--NN 


iAw\ON 


<■%  — 


§ 


2  g 


v£>  O  M  \0 


N  r*N  -t  U\ 


ai 

>0  UN 


Z  £ 


*“  ~£~ 

— -  -Ji  u\>Oai 
U>  *0  MOLD 

4  N  - 

O  CO  o 

—‘or 


,£  38  •& 

»?  on  ^ 


t7»  VI) 

—  O  i7\ 

UN  —  10 


UN  O  O  I-'.  O  LA 

NM  "  W“  l*»W\ 


a  £ 


(I  O  ()  <> 
O  < A  O  O 
vftNNlA 


4  cm  oi  no  ~ 


o  o  o  o  o  o  o 
|J\0  UMAiAOO 
mn>  -  N  « 


o  o  quooocjQoooooowi  o  uimou  o  oouoooooo 

>a  o  mo-}oooqoMAiA(j)in«  r->-  in  in  in  k  m  ialO'Ovo  u\n  u\»  m 

—  m  *NmN«  rj  m  N  -  IN  —  —  IN  N  — 


S  § 


o  o  »no 

IAONO 

—  C4  —  no 


M  — > 


83  3 


Ol  UN  ON  ON  in  ON  ON  IN  UN  Ol  ON  Ol  UN  J»iNO»‘N  ON  ON  «)i  Ol<N  Ut  IN  ON  ON  Ol  ON  Oi 


'Of-'  ON 

J  1  J  Mini  'A 


•u  N)  r- 


'A  A  IN  >*N  1*1  m  hi  »#n  vo  uv 

'O  u  on r*i  vj  vo  n  in  H  on  nn^om  so  r>  o  cim  in  a  m 


m  -t  *W  m  r  /  ON  4  ON 


on  i*n  mrtN  «n  vin  wn  -i  —  vO  hJ«'#  in  -r  on  iO 


7  7  7  7  7  7  7  7  7  7  7  V  7 


u  o 
O  o 
o  o 


7  7  7 


U  O 
o  o  o 
o  o  u 


7  777  77 


7  35 


U  N.» 

o  o 

o  o 


4  4  44«N  r  r  »  4 
*  1  ‘  i  ^  i  i  i  i 

s 5  i 33  ii  5  ij 


aa 


3  3  3  33~  3  -  3  333  3  -  3  3 


^  *"A  I — i  c  •'  ■ '  v 

5  y|  it  iii 

*-  *1  «-  «■  «*_  a.  u_ 


j  y  l 


13.35 


J4 


D2-2786 


TABLES 


~o 
® 
D 
C 
*  — 
■#- 
c 
o 
U 


co 

< 


O 

oc 

o 

w 

oi 

o 

z 


UJ 

s 


-o  u 
•—  w 
&  vj 

3  a 


c  -O 

w  — 

u  « 


V  **  -o! 

*  3 


!p 


u. 

3  ^ 


<  Q. 

w 

a 

3l 


3 

|«i  oj 

3  c 


?2 


8.1 


Pj  a 

•—  (A 


a  p; 


vn  a\  ui  nj>  -t 

-4-  uo  o  u>  cO 


in 

a> 

Ml 

IN 

«n 

•V 

IN 

m 

O  «N 

<o 

N)  in  m  m 

m 

io  iO  • —  >4)  *n 

3 

= 

m 

N 

m 

»«> 

r-- 

N 

Vp 

—  o 
mm 

in 

»Q  U1  <N  H| 

n  m  m  in 

mo  o  cnm 
Nnm«  n 

vO 

o 

m 

H 

vO 

m 

s 

s> 

m 

m 

o 

m 

m  — 

-4 

<n 

n  in  io  m 
«\h-  lAlN 

•n  4  —  ox  •— 
nTi-i-W 

Si 

u< 

* 

m 

r~. 

2 

•jJ 

as 

N  o  O.  O 
rtmN- 

a)inmmr> 
N  IN 

m 

m 

n 

N 

•n 

m 

r-^ 

n 

3 

iO 

a 

»n  o  r^. 
win  nO 

nmM  not 
m  io  >0  K  • — 

?  3 
5  2 


2  “ 


-O'- 


?  2 
o  o 
Jt  z 


22  2?  2  2  2  2  2 
2222  22222 


O 

iO  «A 


u\  in 
< t\  m 


O  vp  *Q  in  —  U\U\<A'- 

«n  q  ti\  >oiavuu)  —  —  a> 

m!  V  4  -  M4-« 


I  2 


a  a 


(A  (A 

XT 


m  o  m 

!J2  2 


A 

S 


3  Pi 


- - o 

S  32 


a  as  a 


OUNO  Q 
10  104  NiA 


c  c 

b  e 

V  N 

uo  in 


o  in 
o  r^ 
m  M 


o  o  o  o 
in  in  in  in 
JNM  (NN 


r»  o  m  * 

v  m  <m  c 

•  ni  •—  c 


o  o  o 
■n  in 

-  -N 


oom  o  n  m  -a  m  q  o  o  m 
in-n 


ass 

—  m 


inoitfi 

—  in  ao  t-. 


tZ  VO 

c  c 

o  o 


mo  o  m 
an  inn 
M  J  M  M 

ci  m  la  Jv 
m—  m  in 


»n  m 

«U~ 


£8 

n 


3  3 


m  in  m 


<n  «  m  m  m 


o>  n  m  <n 


nnntn 


m  «r»  m  in  mm  m  oioioun  mmmmm 


fN  S 
J 

2 


i  a  J! 


n  in  in 

J  .4’  .4 

3  3  3 

§o  o 

g  s 


IN  vO 

mis 


a  3 

m  »o 


3  3  3 

at  «c  <2 


m«N  q  u 


u  u  a  u  u 

^ 

V  U  U  u  u 

«  «  «  e  « 

ZZtf  <2  dC 


i  u  mv  «n  m 


4  4  *0  <9 - tn  iVOtfun  U- 


5333 


3 

1 


»  Q  >N 

V  J  4 


3  3 


3  33  3  3333  33331 


8  o  o  o 
o  o  o  o 


8  o  o 


<N  N  H  i  < 


—  W.  »Q 

•  *  •. 

a  n  a 


-1.  - 1 

—  —  4  n\ 

—  —  l  « 

i  —  i - * 


ij  .>  s* 


—  U.  II 

•t  r> 

■*|UI 


^  ! 

i 

r  •■'i  >- 


*  3  4 


*S 

>-  H 


*  4  4  T 
lift 

5555 

*—  i—  i —  r- 


4  4-344 
till* 

^  5  \  •‘Jk  Cft 


13  ;4 


O  «j  S  -o 

I  It  I 

<L  11  il  B_ 


I  I 

.4  ;4 


3  -4  1  .1  .1  :1 


,4  .4  3:1.4  3  ;4  :‘4 :4 ::  :4 


i  i  i 


i  -  i-~  i  - 


!  |"^  ^  .‘w  J  ‘u  -4  -ii 

•  *  »  I  (III! 

J  4  il  V  u.  a  u  u  u 


9.75 


TABLE  J1  (Continued) 


D2-2786-0 


J5 


TABLES 


Q 

o 

u 

iu 

c*z 

O 

Z 


LU 

5 


«  U 

—  L 

e  v 

d  a. 

c 

c  u 

« 

u  t » 

*»  >- 


4'  S 

4.  a 


4  ino«r-  ii 

H  *U  V#  >4  Hi 

»a  »n  <«j  o 

«»i  4  rji- 


«  «•!  «  i  W  Ul  III  Ul  HI  II 


in  i'.  i|i  ui  ■ 


h  U4H.T  tfl 


A. 


x  :a 


•odvOtfi 


SJ 


J\  n-  N  in 


dl>j)  m  i»i  vO  u  \C  1*1  iO 


I  —  N  14  —  < 


<4  <4  H  —  14  <4  im  . 


Lj  4  - 


M'O  «no  u 


ou)  ‘u  u  m 
r\  i/i  * 


*>  V  V  +  V  *t  *' 

r  r  c  c  c  c  r  i 

O  «  c>  O  O  O  n  < 

4/444  4  /  . 


k>  c  in  r 
♦  O  •  0-4 

HI  4  4  4- 


r-  ij  w  i/i 

a*  i ft  c  <4 

-  -  •  o  • 

■  UIO  Z  4 


?  ?  2  ?  2  2*2 

6  0  0  0  0  OOOr 

4  4  4  4  4  ZZ  i  ' 


*o  -r  «•*  w 


l  -»»u> 

t  *u  — 


i/i  Ui  j  ui 

r-4  —  1  r«iN 
«—  «  J  ir»  «-4 


■il  r-l  *  •*»  ul  — *  vO  J  iO  l/\ 


i-.mo 


uu  UO(4 
ui  l  HM- 


u  u  >a  id  u 
<->  i  -»» *4i  «r 
M  _  ,4  „  „ 


IA<I)  1A0  >A 
r-  -t  uihi  i  i 


4o* 


O  U  OO  N 


-«>  m  «a 


L  t-  I 

\  u  u  - 


L  t  C 

i  Z  L 


4  '"I  O 

III  f 


€  j  ri  r  iiiL  O  iilM)  6  O  I  *  «  O  (f  '/  <J  O  li  - 

I  p. i  *•  i<i  oi  t  d  iA  i  «n-7  ' 


Ul  "I  •»»  "A  -  - 


>1  I>ll«ii4  ll  ll 

•rt  i  i  i  t  u. 


c  c  c  c  c 

t  u  t  b  e 
VI.  s  a  s 

u>  i-,  ini - 4 


O  o  o  o  o 

.A  111  lAOtl 

t  -  7 


c  c  «:  c  c 
u  t  e  e  fa 

S  W  V  V 

Ol  Ul  ID  w  N 


N  N  ?  rfi  N 


v(5  O  ° 


•O  u\  •  A  UI  n 


•Jl  u«  ill  Ui  Ui  iJ»  ui  U ■  u>  u 


>  *i  >  ‘41  > 


U»  Ui  Ui  ill  Ul  Ul  U>  ill  ui  Ui 


i  Cl  O  Ul  ulu  IA  — 

r>  iA  r-  r-iAN  » 

•  *»  M - r«l  ~  i/l 


Ul  14  ui  Ul  Ul  Ul  Ul  Ul  Ul  Ul  Ul  Ul  Ul  Ul  Ul 


I-  /  >  > 

«  «  Sa 

4a:  4 


>  >'  ' 


.4  Z  i4  4  (4  4  4 


u  u  o  u  i 

>.  >i  >  >  : 

ii  u  o  u  I 


J  u  o  u  o 
1  M  Ml 
:  4  4  4  4 


-O  ui  - 


•  rv-»  * 


i*  '1  : 


ui  •  r-4  .a  - 


•11  ll  111  IA  O 

N  O  «N  -  3 
ia\  i  4  ul  *U  iA 


ul  ii  tj  ul 
I  T  rtV  i 
"I'O  4  «l 


t  i  f  ‘I  I 


i  i  .1  u  I)  I 


rr 


i  t  t  *J  ' 


t  i  t  r  i  i  r  j  -i  t 


m 


>  mm  i  iiu  imi  (i  i 

i  ii  no  ii  niiooo  cj  .i  u  n 

i  o  ■  >  in  i  a  o  o  o  >n  ia  o  u  n  m 


I  I  •  4  •  4 


aaaa  r. 

■  i  ii  > 


V>  *.S  -S  ‘ 


AAA 


a  a  a  ‘A  a  a  v,  a  a 


*  >  tii 


i  *  »•>->- 


4  •  I  ■  4  >  I  •  i 


■  4  4  --4  i  4  -  I 


«i  -l  O 


I  £ 


TABLE  J1  (Continued) 


02-2786- 


TABLES 


Iz  li  h  t  t 
VSN  V  s 
NN  J  «N 
«  ~  W  N 


rs  iaujvO 

U)  11  >V  A  14) 

4>4  4^  r-4 

— 

VO  14 

03  VO  03  r~*  I--*  — 

03  -4  «D  03  iR 

^  »OVO  -4  — 

<Qp3ls(AO 

4rsuun 

MNNN 

U>  1(3  1*3  -t  03 

m  (\|f«|  M  N 

i  E3« 

•O  03 
«v  M 

Nvofs  4  JO 
- 1*1  4  Ift 

O  N  O  30  [s 
r*-,  isl  ts;  tSJ  — 

M  (AU)3Q  N 
N  (4  rj  IS  — 

m 

03  03  VO 
O-’OO 

1/3  — W  U3IN 
fsCOiON  IA 

lAlglA 

& 

as 

IA4  IsHl  IA!' 
--flAiA-lA 

1*3 

«S4  -4  IN  Vf)  Ol 
304300N 

•*3 

03  03  rs-T  30 

HI  *D  i*3 -T  O 

4*1  *34  -4  V/3  «V4 
id  ifl  4  iftvfl 

o|  <«3  IS  Of 

N  N  N  <3 

-  -  i»  4  in 

NI3MNIN 

- *n 

—  C4  «S| 

N 

1*3  1*3 
Ol  IN 

M3rsiAlA  —  03 
-NN  M 

zz=a= 

(A4i/3“3- 
4^  «VI  — 

O  4*3  i*3  <H  1/3 

03  O 

—  O  O  U3 

»AO|su3 

Nu3iAI'CI 

«S|  |- 

uulA 

(A 

■*-  (3 

4  <A  fs 

03  O  —  O  1*3 

03  lON 

HI  O  CO  1*3  O 

3  KS  -S 

4  Is-AOlO 
1<>  00  <A3  03  O 

03  ^  sO 

03  VO 

V3 

03  »->  -V  *s«  'V«M 
1*3  O  UJ  —  -T  — 

UIQIU  IN  M 
1*3  03  03  O0  vO 

—  IN  ill  i/>  IN 

>4)  'O  'O  03  « 

U  (J  ui  m-4 

03  O  3J|  o  4*3 

t  $ZZ 

0  o  O  o 
i  X  X  £ 

?  ? 

6  o  o  •  • 

XXX  r>  m> 

s  ?  ? 
ill 

O 

--£> 

¥.1 

O  • 
a  4 

J?  “J  c  2  "? 

O  03  O  O  C  0 
X— XX  X  X 

03  m 
N  fs 

*0<^  4  4s4 

t  t  f 

Sii>$l? 

3?  4  4  4 

iOo  mis 
CO  lA>-  IA 

■nrsoso 
oNia-  OS 

03  03 

030  30 

sx 

i  (1 

1*3  03  4  4 

*-o-4  a  Oi 

u\qi4  3i)  pi 
NlOlf»  343  *- 

iK  ia  n  co  io 

1*3 

HJ  1/3  *V  •■*  03 

»A  —  o  ifl  O 

iAN«4i  vO 

i«3>-  - - I  Is 

•AiAiA 
<4  —  r- 

Si 

■t  «> 

O  «AU3  3()  J3U) 

A  ul  u)  4  <0 

ooibrjui 

4*  O)  ill  N  Oi 

N  N 

vO  vO  O  O 

d3iO 

o  a  ■ —  jj  u 

O  O  O 

oo 

-  o 

Is  »/3  Is  o\ 

lAOKiANO 

O 

1/30000 

O  O  Is 

O  03  in  O  1*3 

«05?S 

vOUfVD  03 

«n  f-  u  J.  u3 
N  -  ia  -  IA 

“V4S  I>? 

«s| 

O  O 

f-  o  4  *o  c>  -4 
•—  -T  —  4*3  » -  *- 

03  O  O  O  03 

"■“siysi 

L-  k  I:  L  i:  k 

N  N  V  N 

iA'Oxujoo 
-  —  N- 


enact 

5 '4511 

o  o  t*\  rs  o 


c  c  c  c  c 

Ji  £  7  7  7 

-t  O  N  'O  i/\ 


E  E  E  E  t 
v.>svv.V 

U»  m  «M  O  IN 


cC  v 

o  «  i-  cj  o  a  o 

—  **  J  iAQ-irt 

X  o  mi-Jn 

<  iL 
l 

X  o* 

n>  C  »'  ia  m  i»  o 
-  r«-rs  'OVD 
*«!-■>  • - 

3^c 


O  O  O  O 

u\gu\o 

i*3  f  iv|  IA 


? 

4S7M!i'? 

—  ,A—  —  UD 


inuoooo 
!»■»  f)  lAOuVO 
M  »0  |s  r*3  *>|  C4 


illlUliMI  «J» 

on-  o  o  «-. 
n  iN  *w  «h  — 


l>  o  o  o  o 
uMnn  —  ia 
<vj  _  (S  n  <m 


o  o  :  j  o  o 
i/i  in  Q  O  O 

N  ^  f*  O 


o  in  o  o  o 
Q  O  O  O 


O  O  O  O  O  IA  fl  O  O  U 
U*.  !  A  U-.q  Q  .|  >  u‘i  »AQO 

'  im  m<N  T  oJiNMir  — 


»  ij  moo  t>« 

>  •»  * $  *  t 


mmo  ij  «■»  ci 

•U  r  -  Hi  13  (III  < 

iN  ■ - .  - 


11  U  U  O  U 
VO  m  O'i  o 


o  O  Cl  O  O  U  1»  OOk 

inomfli  o  o  o  i*3  o 

N  N  N  N  ~  m 


ia  m  om»  oi  m  o»  u« 


iiw  linn  iA‘i  mu  uiui  o\ u»  oi  ui  03  m u> h  o  cn  03  ui 1  -«  <4  ui 


mq  n  q  3  si  a  a  i 

sc  •<  «c  (t  <c  *c  uc  £  a  .<  -c  u:  u: 


~  5o  jCjs 

>l}  init; 


rV  -  N  M  (i 
.  .  .  .  c 
A -U  ‘n't) 


^  O  U  r  - 1  .  >  3  3-3-I-  3 

VC-  U  U  <1  If  u 

<C  VlKI  *X  U.  JO  cC  X 


<1  «  «l  «  V  14  V 

-j  "G  n  o  o  r,  t;  t. 

?sa 

(A  fit  tC  £  £  tC  £  , t 


‘ J  -j  v  v’5  f  —  *a  -•»  in  »i«r>0'u  1 1  >n  u  u  m  «o  o  us >« 

CAM  vftfl  4"  ‘A  Oil  IA  }  m  r  di  —  «N  inr  -  4  N  ^MAliflO 

5lIU  ‘AnJ  1*3  UI  HJ  HI  1*3  —  rwomvu  4  t4  mill  W3  v*J  U3  «/3  c*3 


•HVf'-i  y/ySS  yyyy 


[v#  yy  yyyyyy  yyy,:<y  .syyyy  yyyyy 


•'*  ■  I  ■  4  r-i  4  f  •"*  ’  4  i 


1  <  im  ■•<  *-4  -I  *‘4  tN  *H  r-f  r|  (4  i-4  >4 


3  VS?.  S  S  A  'A  SSSS 


l  -  I—  I—  I-  I-  I-  I-  » 


S  l  ;■ 

i-  i  -  i  -  ■) 


—  *4  -J 

*•*-••  |  >A  i  -  *  *  -*-:•*  ^  -*  -*  »  * 

»  j  fi  r.-!  --  v'  2  •  -  t  t  1  4  4-4  4  f  4 

-  !  !  1  *  .If -to  A  i  *  -1  *  .»  .»  *  ‘  i 

•AVAV.-T-*  £  ¥  *3*  3  A  3 

. -  -3«  -  V;  •*  -  *  |  |  * - — 

•—  *•  I  »  »'  »-  I  O  *<  *»  -  f-  t—  4—  |-  4- 

“  -At 


o  -jI  i  i  i  i  iii: 

7*1  :u.ju 


■*■  i  4  IN  t  -4  >|  «4  "|  04  m 

...  *4  -  .  -  -  - 

■  fell  I  I  I  I 


:i:i  :‘i  5  7  7  7:? 

■-  ■'  *  V  i  i',:,,1  I  -  V "»  V  ,  x .; 


D2-2786-8 


J  7 


TABLES 


•  “I  O  vo  ianoo  N  N  r>-  tn'O'O  n  -o  m  is  m  m . —  ^4  f'  —  —  —  cr»  <*\  *v\  ^  o  w\  u>  -4  o 


.  j  I  ^  •'  i  4  uv-~u>»ar  i  Ovon--  oi-<o>a>a  —  —  o  -4  «*%  vo  Oinm  >o4o« 

t.  „"1  u)  MA«-J  -T  n  iQ  N<0  1  4  r^4  irtr-  4\  ■A'O  m-O  —  .4  inN  n  i^u>u)  iA  4  >-  in«ONX)  iAimao 

J>  »*  -Ql  . .  .  .  «  .  ,  .  .  .  «  .  ,  ... 

2  5  -1  ^  if)  iS  \0  i-*)  4  «*\  V  44  M44  »r\  *2}  .*>  m>  o>4  iA«a4  N^»ON  —  «  u)<a—  ia  ux  (a  lAt* 

■  j  N  N  IN  —  N  N  N  N  N  O  NNNNN  N  NN  N  —  ■ —  N  N  —  M  N  <M  <s  rA  N  N  ■ —  — 


>r^M>  o\4  iAm4  Nr-\ON- 


COCdO)'-  IA  lAOVIAM 


TSN^"T 

4  CO  IA~  t*\  3 


4  »o  wo  jj 


■  JiO  ffMOO  N4  0\0  (Amo  CTU' - J 

1  Ottfi  U>  J>Su)N  r^-i  wOtOt  4i4  My 


;ic  ?  s  g  ?  g  g 
5 ft™  iJlsss 


g  g  ?  g  ? 

o  o  o  o  o 

ZZ  Z  2  Z 


ggggg 

OOOOO  O  —  O  Q 

422Z2  X  Z  Z 


ggg-»_-  g< 


S  N  lA-t  O 

X  —  ~  —  -X 


O  rs  fs  rri  O  N  <Oid>Orv>iA 
O\4oimifl«i  cn^lrvoi^ 


*o  —  *<\  o  v/>  moinc 
lAruMrtO  *-  »AvO  - 


iAVO-4  O  O  W4  <H  t  Is.  Vfift0->0  W  VO  •—  O 

NiAOMAifl  •-  4  •-  T  f'V  iA  oO  -O  iA  —  lAO  WO  tA 

f'N  <rt4  W  00(04  W  IsOQvOlA  W  lAIAiAOtN 

(4  ^  «  N  —  «  —  *r\  -Z  t+\  C4  —  —  —  Cl 


E  E  6  £  E  E  E  E  E  £  £ 

N  N  NNNX  "ft  NX W 
M  >AO  h-N  ro  W  4  T*  W  N 


«  6-54 

wo  o  mo 

N  N. - 


c  c  c  c  c 

E  6  £  E  C 

X  «.S  N  ' 
O  OJ3N4 


ccc  c  c  cc  c  c  c  c  c  c  c  c  c  c  c  c  c 

s b  t  e  e  e  8  “  e  c  c  c  i  e  s  i  ese  i 

v  X  W  V  X  X  X  X  X  X  X  X  X  x  xxxxx 

(OmwiAio  >oo'Ono  woiaia^  oin  on-4 

“  •"  —  N  —  —  CJ*— 


K  £  K  S  £  VJ  O  O  O  OOOOO  OOOOO  OOOOO  O  O  O  U'.  O  .'jinooo  ooooo 

S^SS*7'^  ^299  1  tAiAmoo  o  mo  u\m  ooooo  uun  o  oi«a  ooxnoo  o  o  o  o  u% 

<S  r>  l*MA  "MAvO  rsoor'.oo  Q  *r,  <N  —  -~lNOO  fsfvO  V  O  OO  O  XOIAN 

•  »  •  ft  »  ft  •  ft  t  ft  ft 

SrtlvSS.ft  9299  OOOOO  O  o  O  O  IA  OOOOO  OOOtAO  O  »f»  o  o  o  ooooo 

S  .2  !G  9  m  lAUJiA-m  lAinaSoO  OiAIANX  QWNQW  u\u\qoo 
— T  IN  a  n  W  N  W m  rnM-  -  m  rn  vf>  in  c*  4  4  4  4  w4wm 


Sooujo  o  0  o  m  w  o  m  o  w  w  o  in  o  o  o  ooooo  o  o  wo  in 

j^OJ^OO  WO  O  |>|4  vC4r>.^  O  vONMAm  JAiAvOO}^  O  04  WN 


oiMsnwinw  wwwww  inwwwm  wmnntf,  o\  o>  on  <n  <n  tnounoun  Ka\ffiN^  <*  t. 


•  *  «  01 

SSSL3,. 

nn 


mi  nm  im 


$  urn 


n  nMNUftM  1?  nS  910  i  ~  5  Winw  -  vj  'A-rn'tO  O  r~.  rs.-j  in  -Q  vf>  wwJ  4  1 

.  .  ,  .^9  .  .  .  ^  .  wwwrnw  onon  «*n  ^  o  r-"0  —  »»\  cr\  00  kvm»  o  owm4v2>  «N  o-»  3  1 

WWIOION4  4  <0  <n  W  N  <6  'O  'O  w  rn  4-4*4  WW  «N  fn^-OO  vow^l  4  W  O  in  IS  O  4  w  4  w  in  . 


O  N  M  N  N  y  O  NQiNNO 

»  4  4  4  3  3  3  4444^ 

000000  ooooo 

«  000000  ooooo 

a  0000  »in  ia  w  o  o  a  o 


0000 
W  W  W  O 


•'■#  «  •»  «N  rj  14  H*  o  .d.-i  ••<  .N  «  < 


S  9  2  9  9°  o  o  6  o  w  ooooo  ooooo  ooooo 

o  o  o  o  a  ,  uoinoii  w  o  o  o  o  no  mom  o  o  o  o  w 


«  «m  1  1  >  >  •  > 

■J  >  |  i  .1  v  6  4  4  4  4 

-  J.  1  -o  —  I  J.  ~  i 

<  5  5  2  1  i  -  «  i  i  ^ 

I-  ►-  i-  H-  w  "i  H  >“  f*  i“ 


Ssi-SS  4.-4A-S4  2giii 


...  .  g .  *.  »  *  „  > 

-*  t  4  4  r*.  <N  T  4  44444 

J.JL1-..  i  ^  ii  i 

&  J>  >6  6  6  vj  ^5  «s  -3 .4  n6  %q  S  Co  a 


U»  Ml  il 

-  W  ft~l  <>#  - 

III  II 


"•  1  •!  •■*»  ftSl  ftS  Ift|  H  IN  IN  IN  IN 

■4  H  (H  H  *4  <4  HNH  t4  H 


W  ■>*  g  V  «.»  »  o 

•  fN  ft'i  7  T  -  —  in»-  •<■,  ,<i  1  m  m  «  _ 

!  J  ‘i  rj  ‘1  'S  •'[  ,'1  •  VI  *1  *N  fti  -'ll  =1|  -N  i  -N  ri  .i  .1  .i  r!|  ■ 

H  «ft»  >4  14  14  I  J  '4. 4  ft  11  (WNI|  <4A4'l<4-4  m  >4  ■  J  .»  .-J  H  ^  <N  in  '  i 


a  ♦»  tJ  1*  b  li  X  r..  ” 


*?  h  t'  1’  ?  ?  ■’  ^  -  •*  ’  ■••*  zv :r.  j. i;  c! 


a.  a 


a.  I)  a 


25.50 


MELTING  RECORD 


TABLES 


p^4  o\nn  .OiOin^-  o  ■»  o  m  n  vor>-t  m  -i  i  -i  u>  u  q  tn  «n  n  hi  i"» 

N-J  «U<\IA  (M  (*\MN  J  t*\  r*\  (*\  (*\  f*\  rt-t  -J  M  4  intnni^ro 


D2-2786- 


j  —I  rsN  o\o  m  -  -j  >a  o  - 


m  o\irio(  r>v  "i  i*»hj  ■ 


■  o  ro  >o  a4  o  a> 


m^omoun  muwim  — 
IN  <N  «  — 


«  M 

>  a  cr\  cv  jcspr^m 
1  u\  —  \©  O  O  —  ~ 

)  m  ON  QOB»1AO\N 


i  'D  111  r~  ‘f' 


m  »• 

U)  «IM  ~ 

O  U'OWh 


£  £ 

O  Or'UfUA 
X. 


C  C  C  C  C 
O  O  O  O  0 
Z  2  Z  Z  Z 


V  «  « 

c  c  c 
O  r->  O  O  4 


O  8  O  to  O  4  O  Q»4  4 
Z  *  —  —  *  -  Z-  r-  ^ 


(M  •  ff\*ar'0>0  op  —  —  ON  *A  4  -  rr\  lO*  WNin  UN  UN  */A  -  CM 

J3|  voir.nvo  cQc*toa>vO  4  O  (O  -  a)4  "»0^  »o  N  m  c»  »() 

—  I  4  m  n  iao  *n  4  t><  o  N4  mmm-  ij  i^intnom 

ll.  I  . —  ro  —  rr\  —  —  —  tr\  —  —  N  — 


i*>  O  rtrs  t» 

1  ■ —  »/\  o-rtoeo  ooooo 

f\>0«4  N  0)4  J  N  4  f»»  ~  ro  *A 
-  —  H  NM  -  <N  —  —  ro  rp 


-00  o  «4>  o  o  ir»  OOOOO 


4  O'.  O - 4  m  4  4  U 

m  —  —  -  4  —  W  fM" 


o  r-^  0  r-  u  o  in  m  <o  01  N  o  o  o  m 
—  —  r4  —  ci  —  r—  —  N«  N  N 


C  C  C  £  C 

C  E  ’c  "C  E 

NN-^NN 
•O  <J  »A  In  In 


£  s  n  c  c 

SS'nS'n 

iAO^iA- 


c  c  c  *  c 
T  ’?  c  -c  i 


c  c  c  c  c 

G  £  E  fc  'E 


£  c  je  •  C 

£  E  E  E 


£  K  fe  E  E 

SSS.V.S 

0M04  N 


e  e  c  fc  e 

‘n'nS'nS 

<n*ASfN~ 


iAVO»OOvO 


t . 

OKOOi 


00000  o  mo  o  o 
ia  e  o  o  «>  oNioo'ft 

«M  O  O  O  fN.  Q  -  -  N4 


OOO  OO  OOO  O  O  OOO 

--OOO—  OOO  IO  lA  (  O  O  'A 

1AO1AN  O  4)  —  lA  A*  lAON 


jiao  o  000  o  m  m  c  o  o 

S<UKIU>  iN  O  lA  |  O  NMAiAO 

4  (AN  f*\  NN(«vN(A 


OOOOlA  OOOOIA 
o  in  o  o  m  dvooian 
NmiAIAN  «A  —  IAN 


inOWiAO  OOO  O  O  O  1A  O  O 

IN.VO  r>-»N-«2>  oiaia  I  q  owmao 

—  «N  —  W  —  NN  N  --NNfA 


inooom  000  o  o  o  o  no 
MA-T'O  4  ’3  O>o  I  <A  (AvOOfAiA 


iau\ooo  mom  o 
mNOrn-  n  m  in  o  m 

m  w- 


oinomm  in  o  0  o  1/1  oaginut 
wu\moN  4v04  mvo  mmvmco 


n  cncnmcn  n  o»nn  in  maia\o>o\  mmounN  Nounaiin  oimmoun  aunmmrn  at <no\mo\ 


u  u  u  u  u 
>■>>•>>>. 
u  u  i)  u  u 


u  u  u  u  u 

>~  >*  >  >S  >> 

u  u  u  u  u 


—  U  U  U  l»  u  u 

u  >*>■>»  >*  r'iNr.  >.  >> 

>■  u  «  y  y  y 


&  8  8  8  E 

©  i*  U  *  <£. 


C  N  u  IH  IN  M  IM  H  M  N  IN  IN  --  N  IN.11I  1  4  IVUUIUN  .N  IN  N  IN  H)  IN  IN  Q  Ol  IN  m  IN  •-  >N  (N 

=»■  4  »n  4  4  4  44444  44444  -4  44  4  4  m  »n  4  4  4  4  4  4  n  4  4  4  m  4  to  4444 

o  o  o  «  »  * j  ooooo  t»  o  o  u  o  ooo  o  o  o  «>  oo  »  o  u  o  o  a  O  O  o  u  u  o  o  a  o 

v*  OOOOO  OOOOO  OOOOO  OOO  O  OOOOO  OOOOO  O  O  o  o  O  OOOOO 

a  ooooo  a  m  o  o  o  mm  o  o  o  moo  i  o  mo  mmm  O  m  O  o  O  O  o  m  O  m  m  O  o □  m 


*  »  >  u  » 
t  *  r  i-» 

i  I  i  1  i 


.A  J  .  , 

t  —  N  4  4 
■  (ill 


■3 ^ S i "A i i  iStii  3333  3 


3333 1  33J33 

c  -o 


^3333 


N  I*!  '-I  -N  N 
•*■*  (MW 


.  •  t  :  s  i  i  i 

1  -N  -N  IN  N  -N  •'*  .< 
IN>I  N.NNHll 


N  i^J  ll  N  <N 


wr.-. 


•  i  i  ■  t .  i  * 


TABLE  J1  (Continued) 


02-2786-8 


J9 


TABLES 


Q 

OZ 

O 

u 

U-l 

o' 

o 

z 


m 

2 


c  O 

9  — 
u  * 


O  **  - 

I*  3 


I .5 

I»-  * 


-4  *2  t 

-7  ci  i'n  fn 


in  m  in  T  ivx 


o  mvl  -O  4. 
I  .«  t  m  in 


-I  >  i  j  r*v  ui  rv\h-  7i  —  •*)  i >  m>  ox  oi  ■!>  1  'tll-vr-  t  u\  v  i-i-n  ji  n  •*»  oi  -  k  w  i-l 

o  —  u  o  r-  in  •  u  d\  >o  u)  --  >u  -u  u<  j  t  t  i  j  (■  j  i  •  u  inu  u  ao  nuiin  J  f  —  iJ>  J  n)  k 

_  —  _  .()  y-  . .  —  , —  ^  —  _J-  r-  ^  N  N  —  —  —  —  ^  r7  I-J  ^  N  IN  IN  —  —  » 

o\r--  uirv  ,w  ui  J.  I  ;  -  u  J.  J\  -O  i»x  ■<•  r  |  <n  i  t  «  o  {  4  «'  <-»  |  ni  1  u\  -  1 1  O 

•-  m  '•>  <u  *n  ifl  o  O  -a m  —  j  m  UN «f)  «CJ  *o  .O  •—  i  •  I  T  *  Ji  t  u>  m  r  i  m*n  4  •<  in  *  •  •  •  •  -  «J  •  -  • 

—  -  —  u  i-!  i)  in  <n  i  ov  4  i-  m  4  *it  *-4  m  H  *  4  ««  <n  -o  »**  -t  nnmn  I-  «»  «\  o  n\  •  i  *■»  .«»  7 

_ _ _ _  _  —  _  rn  i-4  <-  —  —  in  N  —  — 

«*x  <n  m 

—  vu  «->  vo  ji  4  ]  ui  io  -  n  in  ox  u  ui.j  Mr-  i'*.  t-  -  iT.  a  j\  f  »xi  '  -  «j  «i  i*\  in  O  iix  «».  ■t'uOi  in 

umiAiAO  —  it  O  iO  iOVINu-  in  -  ih  -  <n  —  c>  —  H4  *t»  ■tO'niA'fi  r.o^b  U\<li  ’ll  'll  >A 

Q  O  Cl  IN  -f  KiiANNIiN  VO  U)  in  O  —  I'l  t  I'-  r  *»  'V  *'  r-  t»  ■«  «  *  UV  *■!  «>»  —  <4  in  >n  m  d  O  N  I--)  ill  VQ 

rt  fi  -  o  lA  cr>  CTi  Ui  f  O  in  m  -O  m  m  n.  ?  -  M  O  T  nut  ->  m--  n  -  m  -  >0  m*  - - 1  (l\mN 


n  it  o 


r  T  ^ 


4  U\i]i  N  O  >D  *1)  l‘ 


V  V  u  « 

r  c  c  c 
i  o  o  o  o 
•  j:  2  ?  z 


mi  xi>  ui  — 
tnoNKfO 

«0  Vo  Ml  tel  ill 


«  «■  «  e 

c  c  r  r 
o  o  o  c 
Z  22  I- 


c  r  e  c  r 
o  o  o  u  o 


«  44  «<  «l  w 

recce 
o  o  o  o  o 

XXX  IX 


U  «  V  V  «l 

c  c  c  c  c 
o  o  o  o  g 
x  t  x  r  r 


i"  u  o  in  in 

■O  i-i  n  t  (i 


T  -14  O  Cl 

•r,  T  UlA  — 
•  in  o  mm 


4  «0  -t  ux  I 


tO'IIMA 


mh-ooo 


■  NINtv- 


c  c  c:  c  c 

6  H  6  fe  6 
VVNW 
i/i  4  m  ui  a) 


wi  iiuici  In 
im  m  o  o  mi 
MMMlA 


<_>  ij  <n  in  vo 
•i  u  r-  •»  — 


oinu  mo  iAOc. 
*4»  -  i{  i  -n  r-  * 

-  IN  n>  IN  N 


4*1  O  O  O  II 


ijooor- 

1‘IHajM  Cl 


C  C  C  L  c 

fc  ’£  e  "u  e 

S  M  X  N  V 

m  u\u)id  J 


(KIU  z  u 
lAlflOfO 

NNrs  o 


O  ti  U  4  0 
O  O  'll  1/1  tA 
Cl  Cl  CN  IN 


1  ji  C  t 
b  t  E 


O  <•  O  U  Nl 

o  ooo- 
m-om  - 


**1  O  V 

m  f  r 


>4  UlUlifl”*  PlOiOitAi 


■  c  c  l  *: 
t  r.  U  t 

l  Cl  O  —  l/l 


UN  u 
>  "  O 
l  —  O 


«-»  -o  o  <o  o 
o  nl  in  ci  m 


t  fc  li  fc  E 


O  <■>  O  U  l 
O  O  O  O  i 
OoiuiJn 


O  O  O  u  o 
•  AO  iAiAiA 
N  m  W  N  N 


U  fc  b  i 

•1  ^  M  ' 

f  t  Oil 


•n  «-4  ui  u  o 
b-  ffl  b-  iA  O 
H  H  -1  N 


fc  e  fc  i.  i 
J  vAIAl  . 


•ill)  OU- 

N  .A  ^  O  O 


»A  O  —  Cl  4 


O  II  U  Cl  III  1A  U  Ci  C>  I 


Du  umo  o  ui  c«  ci  wi 
O  t  o  1  N  n  MHi  IN 
N  —  •N  C*  ■  - 


oun  owitoi  Ui  m  u\  in  ui  oiimnin  Ji  uunoiuwi 


«  «  V 

*»  v  v  v 

o  u  a  a  i) 

tl  J  •  ti  w 

U  V  l> 

tt  «  9 

uZ  aC  oC 

J*  «  S  i! 

2  Z  2  aC 

;  vs  s  %  ii 

•i  a!  iZ  <2  <2 

U  O  l>  il  U 

«!««««» 

<z  /  y 

14  14  O  1)  U 

«l  o  •  «  • 

y  r  <  .?  «; 

1/  14  O  14  14 
«l  «i  6  O  4i 

t£  a:  or  vC  t£ 

>>->>>. 

14  O  1)  U  O 

e  «  «  •  « 
itz  y  ■<  y 

>>>.>-> 
U  U  «4  u  u 

•  «  «  V  « 

tX.  az  &.  OZ  a: 

■Ain  i  o  -o 

r-  o»  —  *0  o 

o  ui  o 

■  O  IN  Mj  - 

Oi  i^Ju)  - 

•-<_>!»  141 

ill  N  A.  1)  f 

I  4  1  .  •*>  U  1*1 

(AN)'  Ml  d 

<*  •  -  1 

Ol  -1J  Ml  lit  rA 

•il  m  u 

■toil'i  Cl 

In  -A  m 

«0  Aio  Nlic 

4  ‘O  "A  VO 

•  n  in  iA  1*1  ci 

■f  DUN  -  -  <l) 

'■I'O  4  -T  iA 

—  ui 

iN  --  w\  i-i  t{] 

-  ci  «xj  n)  — 

‘ r  *t  t  r  * 

I  T  V  i’  "i“ 

.  »  J  . 4  -  14 

*  -t  t  I  -r 

*ir  ’/  *i  t  / 

1  T  *1  -1  \f 

•  ■  4  ■<  4  .’I 

?  r  i  -r  » 

*?  V  ‘t  4*  ’r 

>N  *N  *  4  -  *  4 

4  7  4-42 

6  o  o  o  o 
o  o  o  o  O 

ooooo 
o  o  o  o  o 

•  1  -J  li  11  ll 

•  iOOUO 
o  O  O  O  O 

CJOOOO 

*.10000 

O  O  O  O  O 

■a  r>  o  o  o 

O  O  O  f j  o 

O  O  iA  Cl  *n 

o  O  ')  o  o 
A  iA  <1  Cl  O 

O  O  O  O  O 
•A  O  O  O  O 

r  c-  t 

T  ■  -•  •  4  »  .A 

*  .  4  rl  .  1 

•  4  .  4  ■  1  .1 

i4  1  1  i  4 

I>1  4  1  1  l>|li 

*N  •  4  -  *  4  ,«x 

-  H  -  4  >-*i  •  | 

f  M  t  T 
<  (  1  ■  1 

t  »  *  -T  * 

4  11ft 

i  i  i  T  f 

i  1  1  1  1 

f  1  r  f  j 

i  t  r  »  t 

triii 

r  It  r  i 

M  -4  *<  *4  •* 

2  fl  o  ii 

■1  *4  -t  «t  *4 

0  6  0  2  0 

!  M  *i  4  *i 

•o  *•>  -O  O  >o 

S  *n  n  "i  n 

1  *4  >4  N  4 

I'*  fl  200 

■hhSSS 

7k  -i  P 

>1  *t  V<  1  -1 

*'  'O  O  o  i» 

/  »  ”  «  4 

=1  -1 :4 14  .J 

1  •!  -N  S  1 
•  HN>tt|<4 

1  "1  N  •  i  -N 
«  ■  4  4  I  4  i  1 

4  *  1  1  » 

•  4  14  •  4  rl  <4 

1  i  -i  i  •■» 

«  4  J  If  t  -N 

1  1  1  *  1 
■1  -N  >N  N  * 

I  J  *  f  1  1  .4  -4 

.1  4  IN  14 

:i ;)  ;i ,!i 

f  T  "f  5  V 

y  i  »  j"  <ni 

-  4  ■«■* 

V.:_,  ;•  J;  V| 

-i  .‘j  'j  ij 

,ijy  -i  '  i 

il  1. :  1 i 

»  «  M  b  >• 

-  -  * 

J  J  ’  *  U 

MELTING  RECORD 


J10 


D2-278618 


TABLES 


4  IJ  J'  -4J  -*j»  .*  O  1  i—  U  vj) 


»  4  •ui/tu)N  >(i 

ih  o  N  O  >i3  iA 

i  »>  il  •••••• 

'  ^  — >  iiO  4  «aN  ii\»n 


>  .O  H  Hi  s'\  I  l>  l 

>-4  «*«••«»»  * 


O  **  A|  •  «  ♦  —  •  * 

1  »  Jl  (Ail  r.\N'U-'J 

is  d  I  (ON-  t  oun 


-4  i/S  r<A  l  -O 


-  n.  W  «J  «  V 

*0  w  Cl  C  C  C  c  .  M 

- - f  O  O  O  O  *©  «!*• 

-J  A  I  Z.  X  X  Z  ~  - 


P-  J)1  4  »0  I ' 


t  rif.«niA  .om-om nj  *n  .-i  — 

4  o  (fl  m  ■ —  —  in  i«  'rtiN-  •o*D  o<o  —  n  in  o  i 


ttt 

O  O  D*A 
X  X  X  «*- 


si." 


rs  • —  (It  —  -4 
■OvO  stj  O 


f  u»-  M. 

}  (J  w  N  •■)  1^ 


c  •  c  i  i.  r.  •  tr-  r  <  i-  »'  t  *■'  *- 

t  1  i  •  •.  &  i:  c  t  l  u  t  t.  i- 

4  4  uun-l  1-1  I  MI-4IO 


i-St-S-S 

t  'it  *s  *A  -o 


t  li  t  b  fc 
s  N  .  V.  V 
—  <n  «4 


u  e  t  t  b 

VN  N'V'V 

rfJNvfiift- 


o  tj  o  u  >;  o 
O  O  «A  ©  ©  *A 
rs  W  N  O  >A(s 


IJ  fl  >A  O  </  1/  II  ll  tl  4  » 

m\i5<A  4  n  o  O  «A  o  st\  p •  *4 

l-Jf--  O  0  4>P',0"^  i*'  —  N 


k •  o  u.utO 
O  (AN  «•!  «© 
PVP*-NN 


O  ■»  u  u  u 
ian  ntAin 
IAIAON4 


ft  ft  O  O  O  O 
O  lA  O  O  O  »A 
A  -  NNfA  t 


O  .f.  O  N  I--  (•'  Ll  «A  !  -«♦  K  N  O 

«  N  —  M  .N  N  .N  «  •  I  N 


>«»  *»\  *«\  O  U 
S  N  IS  m  .  - 
N  -  l-MN  W 


V  O  (A  it  'N  V  Ut  vAl»t  IA 


■  O)  (it  vil  >  I  •<  >•>  ill  liitlidi  Jl 


•  I  lit  (A  I  I  ill  Jl  ••»  N  •'I  •*!  '-H  *4 


4)1»  >->  »->-  *i 

bl  O  il  4»  Mi  «• 

i  si  UL  d  <C 


V  |  -.  >  >  >  >•  /  V.  >  I  >, 

il  «J  U  «•  «l  U  0  •  u 

jl  of  if  ll  d  *i  d  -i  .i 


U  u  vl  u  O  U  U  U  O  ll  U  ll  U  u  >1  U  u  u 

.>>>.  >>>>>  >>!>•>>•  >>•>•>> 

OHO  II  U  ll  U  O  U  U  II  U  U  U  U  O  U  ll 

V  V  V  «  «  O  O  «  (I  V  «  V  tl  «  «1  41  41  «< 

si  si  si  si  si  si  d  .T  si  si  si  si  si  si  si  si  si  si 


’j|  ?  ill  it  J  Ja  N  P 


I  in  III  'A  ui.NiAr  rn  T  Ui  O  li  At  O  n*  —  l~-  «  4 


4  ‘t  4  i  7  i  4  a‘»  J  I  I*  I  -f  /  r  I  f  -f 


t  i  t  -I  f  r‘  j‘  V  I  V  V  j  4  4  4  f  ! 


-  O  O  O 

p  v*0.".0.0 

3  s-4  I  .  I  .  I  t  ... 


>  r>  >n  o  1 1  ir.  o  o  Ci  ii  o  ii  n  n  o  o  ut  n  u 


O  f-  .»  '  4*  .* 


-I  -1  f  tl  o  O  O  «>  >7  4)  J  tl  .4  ll  i)  i)  *)  It  4.1  1 


TABLE  J1  (Continued) 


D2- 2786-8 


JM 


TABLES 


a 

6 

u 

iu 

DC 

O 

z 


UJ 


C  Til 

V  — 
U  V 

W  — f 

V  >» 


2531 


<=<2 

i  -v 

* 

UN  V 


*• 


!  j 
i*~  * 


■NUJJ  i 

•  -T 


S3  3 


M'O 

inMJ  o<0  0\ 

r-  —  rool 


1O1AO  N  N 


»  vjls  iO  — 

miowio  cr\ 

~nnN 


r^OJiniA  _f 


U'O'-  n  o 
—  4  on  u\  cv-» 


vO  in  >o  u\  n 


m  N  — 


o  <0  a)  vo 


••oumN- 


OU)NOU\ 

(nN«.rj- 


MUM  N 


u  omm 


n  >-  »-  - 


mm- 

MOi« 


S' 


o>  muwt 


c  c  C 
^000 
•  x  *  =rt 


U  O  O  O  U) 


c  c  c  c 

O  00  Oih 

Z  t  ^  Z~ 


«  «>  4)  « 

c  c  c  c 

UN  QOOO 

-  ir2  z 


V*)-000 

mujjoo 


CJ  «A 
ON  t 


O  O  O  U) 


•  0000 


mu)  mio  co 


o  o  1^0 


<1)0  01 


c  c  c  u  c 


t:  t  fc  G  t 

SXN 

—  *V|  trv  *v| 


c  c  c  c  c 

m  m  m  m  -t 


c  c  u  t  c 
L  Z  K  t  t 

NXVXN 

~  »s  -r  -r  <*n 


\oooo  CJOC»OU  Oinouio 

-0000  OOOOQ  -NOMA 

noooo  min»oi/i4  w  -  in-m 


0  3  0  0  0  o  u  o  wi  in  ia  iAO  o  m 

KVOiftOiA  ooocmi^  r>.  in  -  ia  « 

NuxmtA^  mmmnl  N  —  in  ~ 


oooino  o  >»o  o 

lA»0  O  u  lA  *A  U\  «— 

—  «“  —  —  UN  — 


c  c  c  i: 

b  i  E  6 

X  X  N  V 

IA1A  tm 


o  o 
in  o 
N  «fl 


I’  C  C  C  C 

"b  *fc  t  i  E 

XXXXN 

mvo  4-tN 


o  m  nut  o 

SNlAt  O 
mr^iN  m 


SoiAmo 

IAONMA 
I  IA--N 


c  c  c  c 

E  E  £  E 
xxsx 
■f  N  iAIA 


0  u\  m  o 
o\  *•*  ix  m 
M  IN  IAN 


OOOO 

JAUIN- 


e  c  c 
£  E  E 


•n  0  o 


«N  UN  f*N~ 


IN  N  IN  IN  M 


>1  n  in  m  in 


U  U  U  U  u 
>»>»>•>.>* 

all  U  U  U 

(•«<!«) 

tf  OC  OC  dC  CC 


>-  >  >-f  » 

X  X  s 

u:  of  uc 


u  u  u  11  u 
>->•>•  >, 
u  u  u  u  u 

u:  u:  a;  •»:  u; 


>-  >-  >~i- 

u  u  u 

«  «l  « 

n:  «c  * 


y  u  vi  u  o 

#  5  n  c  v 

«:  a:  «<  <*  uc 


g  s 

■c  DC 


3: 

vfl'O'D't)  f 


i#N  <oni<o  m 


»*>  ■'i  *n  —  »n 


t  *-r  V'  t  \r 


i->  n)  t  ■.»;  o' 


t  1  J  *  -» 


m  co  o  •»> 

*n  un  in  m 


f33 


ti  w  OO  1  . 

OOOOO 

o  >no  o  o 


m  m-u  .4  4 


*  t  I  »  T 


.-I  -  |  <1 


-  —  t  ~ 


-4  .1  - f  -f  ..  )  (  ■«  •»  • 

A  j  -a  a  a  i  •>  c. .. 


$7 : 

"N  4»  — 


■;..i  i 

«  .<»  •  *n  c 

?  AH  AS 

j  s  ;  s  : 


11  1  :n 


*•  *t»  -a  ■*>  u 


1  {  ■+  •  t  . n 

'J  ‘  J  <4  >4  >4 


il  1  N  '? 

•  '!  ■3  1  X  & 

O  1  *1  •*>  in  t 

5  i  .i  1  -i 

•  T  H  uNH.  U  < 

—  t  vi  n  UN  v-4 

‘j  *  -i 

;■*  .5 


t  »  x  1  I  ¥  ‘  1  V  " 


S.7S  It  53.91 


MELTING  RECORD 


J12 


D2-2786-8 


TABLES 


l  4*1  as  l  ■ 

3u  M»|i 


i  •'*  o»  o  '(i  hi  a  *’i  o»  o 


\>l  II  •'*  I  I  •>»  1*1  t  -*»  «>l  *>  o  o\  —  111  Ol  »t\ 


4)  W  w  «  41  ll  tl  <1  l>  «l  v  V  v  li 

rrrc  c  c  e  c  c  c  c  c  c  c 

<n  ii  »  o  a  o  o  o  c  o  ci  o  o  o  o 

...  *  £  *  J!  s  je  J£  Z  T  7  /  .*  7  / 


(||U)  I  .1)  .11  !  ||  111  m  ^<  •»»  —  *’ 


•  tN  --  —  M  — 


»  U  ll  •*«  UIJDClD  O  il  Ci  Ol)  (3  U  O  lA  N 


in  n  m  m  <  J  r*s  i»>  t's  «  n  tf.  n  N 


>  «  i  »t..*  t  *-  i  t  t.  l  t  i.  i  r  f  i:  l  (  i  <  l'  l  u 

■  »  i.  t  I  1  »  t-  I  t  i  t  i.  I  4.  *  I.  L.  I  i  t  I.  H  t  »•  t  fc  i  k  L  t  k  I: 

<  •«  S  ...  V  .  V  v  «.  N.  V  V  V.  X  -H  V  -H.  N.  -s.  Hk  *  . 

.  -  r  t  ii  -u  ..»•  i  i  .Jin  j-  i.iH  ii»  n  a  -  jio  ou  >*ssoiir~t‘t 


. ■■<  r  •  •  ■  • «••■«»«  i  • «  "i  *  >  <  ■  u  .  t  i.  .  aou  u.u 

-  -  u  «»i  >1.111  ii  .it .ii «n>..  .ii muioKi  «  o  in  .1  ij  r.o  o  >ok  o  o  *a  o.  «n 

■  .t  i.i  -i  n  it  t  N  >i  ■  N»i<  h  m  i  in  mm  f  1  4  ia  o-  >n  -J  i/t  'O  u\  in  in 


•  t  ...  Mi.lHlll  "II  |l  Ill'll  •ll>4  »l  II.IIII  ...III  III  l  I  II  U  I  J  t/1  L.  ll  II  HI  in  III  o  o  o 

■  i  o  ^  f  :  •  i  -  —  ‘Mir-  <n  •  •  t  •  i  .  I  i  i  > «  ■  -  i  ■  4  t  ut  iiiUi  ji  m  u\  —  -  -  -  i*  im-Ui  nui 

•  4  *'l  •  4  ■  4  -  -  '  I  M  4  "4  ■  I  ft  •  4  *  4  t*i  4  II  04  —  14  H  •  ■  >4  N  |<|  <N  N  IN 


1. 1><  i4t  •».  •  4  •  1  •  •  4t  wt  at  ■»» ■  1  ■  *  • «  • »  n»i<i  in  -it • »  •  1  . 1  •  1  ii  mm  1 


*  •  >  >  >>>>>  >>>->>  >>>->> 

i»  >i  11  u  u  tj  u  u  u  ii  u  u  ij  u  o  o  u 

'  ■»  #  «  «  0  V  »  «  4i  0  (1  «  y  «  *»  «i  *i  t  v 


•Jf.  i-K.:r:  t  V.  . ..  . 


1  «  I  »  .  I  I  -«  l  I  ■ 


t  i»  ut  1  1  1*1  m  r  ■»»  m  ■«»  1  1  i 


1’  I  •  I  f  1  I  1’  I  f  I  *  I  •  I  I  I  r  r  r  4  I  r  r  '*  l  I  I  'it  ill  J  l  V  i  » 


TABLE  J1  (Continued) 


D2-2786-8 


J13 


TABLES 


c  o  j 

«  •—  J  iO  O  —  VUU)>U 

u  «  .....  ... 

L  —  UVj'-tfUh  uJlh- 


<aoo44 

*5  2  a  >9  jj  2  s  r  s  £ 


O  w  u  Oi  mo  r~.  -4 

n  «s  4  *n  r-.  r-  us  o  io  u>  */» 


•»  «>  mirnn  m  in 


¥.  T  g  ? 

O  O  U\  OJ  O  vuovou 
X-  X.  —  —  X  ~  X  —  ~ 


t  t  x  g  ? 

uj  a  >u  O  O  O'-*  OW\  O 

X  /  if  N  2  -  X 


g  g 


J-  « VI HMA  i»‘u  iS  <)i  r-- 

•r  ~  omN  '-'Oovi-  -*> 

*UOim»(i«n  »o  vi  v)  f'  o  «-* 


r.  in  inuiin  t>  —  n  m  in 

mis  O  O  O  ON-*  1^0  (_>  u  Ml  ■«  o  O  O  O  'Or'U'OU 

n  \o  is  u»vi  -o  I  •  -  >d  m  i>  ^  mmm  >a  mr.  m  m  mmO'D'. 

N  is  mis  is  ~isnnn  n  is  - - n  is  <s  is  «s  m 


o  ooo  m  o  o  o  QO 


eutte 

■vN  '.NN 

\y  ^  m  ts  -t 


fell  It  £ 
NN  V  N.S 
-4  a>  **>  •••>  K> 


F-l;  b  U  b  b  li  ti  L  t  I:  I:  6  ii 
N'SN.  V.  NSNNN  NS.NN-S 

■Q'O'O  »»'  «o  r  \o  4  o  *>i  m  r.  a\  r-. 


MiONNO 


a  e  fc  b  e 

NN  VS.N 

«Jm«)ino 


•S-S-S-5  -S 


0  0*00  II\IAU|UIU 
—  *xsvq  m  o\uus  6  «\ 
mmvMn  i«iNn 


u«  t)  U  o  u  o  o  o  o  o  o 

N  O  4  ih~  OOHMAM  <4 

-t  4  J  n  m  o  o  r.  -T 


s«iss 


u\  in  in  u  u\  nu.oo 
4  r  -  »o  —  -  iiwon  a\ 

MIS  J  ro  m  M  l*l  A  M 


o  mo  o  m  o  «ao  mp 
t-iMpJ*.  O  (*>iaia~'* 


•s  u>  in  is  ui  (ii  h  is  is  >ii  u<  uiUwivi 


u  u  v  v 
->»>.>.>. 

>  U  O  o  u 
»  4*  V  « 

■*  *  ic  l2 


U  ll  i>  U  U  J  U  V  V  li  U  U  U  O  I 

>■  >-  >.  >.  y.  o  y  y  yi'  y  >->.>.>- 

u  * /  u  u  u  *-  u  u  o  o  y  u  u  «  i 

a:  a:  a:  X  aC  f"  Uf  «  .<*  ■£  it  uf  t 


i>  u  u  il  u 

y  >  ->  >  >* 

u  u  u  II  |> 

P  «•  fi  o  # 

*t  «:  a:  it  u: 


y  >  y  y  y  y  y  y  y 

U  u  u  U  U  u  u  u  u  u 

22222  22222 


N  J  i/HA  I-.OIAO.I 
•A'fiiAm  O  OmiNix) 


cjy-  t  i  4  mmm 


1*1  -4  »  4-  v©  4 


-r't'-t'-T  i  *4  4  4  4  4'  ^  T  |  4  1  5?4  T  4  4  ^  ^  ^  -4  ? 


iiuwO  i' 

O  O  O  O  C) 

<oo*oo  m 


••non  ii  o  «*  o  o  o 
o  o  n  o  o  oooo*j 
oooo*o  o  at  o  o  n 


UOQOO 

o  o  o  o  o 

*A  O  C>  O  O 


J?l  rt  A 


•l  <1  s  s  •«  *  •!  *4  O  4 

n  o  a  O'O  *j  a  n  i  a 

i 


h  vil  Co  -vS  i) 


*>  </.»  o  ••*••»•■•**«•«  .<  s  -i  .&  &  i  .i  1  «(j  ~ 

*  «  t  «  #  *  »  i  *»  »iii»  i  «fi  i 

*•*  I  N  N  -1  >1  M  It  M  <•!  »**  iS  N  <S  N  iS  1*1  >S  IS  -S 

«S  W«4N-S  MM  MW  "i  ISMNMN 


3  4  •)»  «i  */i  Ji  f> 

•if  «■**•<  rr,  f 

f  /|  B  U  U  O  u 


vmv  ?  v??? 


*»  i-  *i  .I*  *i  *  *  ■**  i  •■  *ii  *i* .  j  ~  *1  >*. 

- «*+  <1  W>l  M  S  M  '  1  *  J  -  4  -*  .sm.- 

14  14  1  4  r  i  /  r  4441-4  -rtJ 

iL  a  a.  u.  a  •*  n  u.  A  i*  n  a  b.  a  il  a.  n  u  u 


ftecyc^e 


MELTING  RECORD 


J14 


D2-2786-8 


IMDLtO 


t-  4J|  J  jr  —  ifvo  -V  '-*•  v'i  *'J  ~  I'UXf'  ^  -o  ■  o  .*i  o  u  .» 

3  a. I  J  J  i-VT  -t  4  t  i  t 


m  InVO  .o  IN 
IN  -4  a~  —  <>l 


x.  m  -J  m  o  m  »o  is 

«  —  t*\~-  is 


vUu)oH 

me  a  -O  jv 


nm  in  —  a--  vo  *  mo  —  r-  r- 

•  »  •  u)  ■  *  •  ..... 

VU  ot  •  vt)  U?  O  N  f  IJ  .>1  N 


T  •*.  7  r  7 

171  -O  n4) 

Ml  —  in  T 
-t  nr  'it  m  >A 

ON  f  A  VirxN) 
n-l  -4  iaia 

l-s-  .V 

■i#  Ot  1  -  »u  — 

1'<N  U  DIN) 

in  »»»  r  •»»  r* 

O  Cl  Ui4  IA 

i~o.,i4 
••4  IN - 

O  f-  ii\'il  ‘A 

vONJIMJ  t 

—  —  -*  ~r 

IN  —  -  -  - 

—  .-a  lA  |) 

- N  O 

O  .Alii- —  I-. 

•  A  tit  «'  V  <N 

•'*  UDU  u 
IA - N) 

iiHNIOO 
«D  -  IN  O  O 

—  «A‘N  V> 

Ut’ll  »  m  T 

IN  in  — - 

t  ■  *t  1  T  -T 

IN  *N  IN  IN  IN 

r  i  4  4  r 
in  IN  IN  «N  n 

si » uiJiinui 
iN 

I  -  -  IM  O 
-O  ft  *4)  *A 

1 1  -li  l  |  IN  M 

-t  in  o  u  r- 
t  -  IAIAA 

i«»  *at'-  >N  O 
•U  •'■D  —  ‘A 

H  m)  Ml  XJ  -  u 
IN  O 

V  u  v  v 

c  c  c  c 

O  N  O  o  O  III. 

X.  Z.  H  X  —  - 


?  f 

O  «a%  t  O  -f 

x  ~  ~  z  -~ 


1  vi  •  •(>  <<(  \ti  in  r-  m-aiiH  m  irt in  ~  in  uiis  r -  o  -o »i»  —  >n  -•  v‘i*  m  •«  ■«»  m  o  f-‘Uuir- 

J —  ^  sO  m  '■  movO  lA  NiOUfl'*  oi'-iua,J  lO  O  m  V*»  N  o  Vi  o  III  N  I'.  (>  ft)  O  v(l  i*> 

t|--  m — -Jo  -  uj  -t  ui  J  u«u  jn\  »u  ; -i  m:  «a  .*%  i  -  •  *  -t  -a  t  u>  »iir-iy  >m  -t  —  •  oi" 


houu  u  w  o  u  o  u  i-icj  a  u  u 


.  _ .  ,  .  ,  .  *4J  *s  -r  — -  i 

4  —  —  —  >4  l»t  -I  «1  «N  N  M  M  f  M  N  !•»  *- 

•it  Ji  Vi  ■  I  <1» 

J  O  u  O  OUlj  UO  U  O  C)  IV  lO  IN  0  4)0  O 


c  c  G  K  C 

55IS5 

NIHUON) 


u  u  c  c  c 

t  t  t  £  t* 

N  S'.  N 

f  'O  o  r'  vn 


K  t  U  t  L: 

■S  NS.-S  ' 

—  o  o  r  m 


LUliuL 

S\  N  S.  X 

’DU)  "i’ll 


».  l  l  i:  i.  c  k  i.  l  c  c*  l  i  v  c  c  c  *z 
l:  b  t  t  t  ii  t  E  t  fc  bhfcHt  ft  H  E  t  n 

' .  S  X  X  XXX  V  s  ^  S  N  V  s  s  — .  X  N  -- 

mi  4  l-n  *n f-  -  m  —  «•*)<-  h  vi  j) 4) ui ■« 


O  U  O  U  lit  iMVU)l)>ri  D  U  (I  U  U  111  M.lft.l 

-  ia  -  o  <n  or-«\-  r.  in  OmiAiA  »  o  ■)  o 

uuniA"'is  N  mi’i.N  «N  inish4)m  m  t  mo 


O  ii  O  O  if  'll  fi  V.  II  ..t 

o  o  n  o  o  m  omoi  a 

f.M)N)0  inisKiiiiiA 


p  m  o  ia  o  li.ouio  o  uoooo  mi  t 

0*ao  j  vi  rs  -f  t  m  ‘A  o  >OQ  .-  cn  o  —  • 

■r  —  N  *s  —  -  «n  in  -  <N  nvnf  i.|(N  «N  in  i 


•ii  O  m  m  «A  li  *f*  «■»  •  j  i  ; 
N'AN  |  I.  I A  —  .It  O  .U 
rl  4-IHN  1*1  M  .NN«(rt 


t«.|l.iOt>>  .l\  "|l.ili  l> 

u  ii  t  'u  o  .*.i  tit  mi  r-  ji 


?s  >  X  >s  V 

U  U  l|  u  u 
.c  vC  ii  .£  .t: 


«  «  «  «  V 

X  X.  X  X 


/  >  /  V-  >  >->>->  ?. 

il  II  U  II  II  li  U  U  SI  O 

41  4»  9  «t  «l  il  41  V  *  U 

.c  .t  ,c  x  u.  w  .r  x  .<  .f 


O  *|l  IN  'A  ill 

f  -I  ■*< 


•  |  mt\  •  •  .r, 

I  «f  -  .1  -U  I  ■ 


■  N  U  •  I  1.1  I.  «/  li  -u  if 

I.  I»  I  •  ui  O  -J  4  4  4"  **t 


r  V  i  V  7  V  r  V  V  7  Vi* 


-A  r  r  J  f  -a,  I  I  r  I 


..rt'lOO 

i  l  l  i  i 


i  t  7  7  7 . 


Ill  -t  *1  -I  «l  .4  •!  *1  -I  -i  .1  -I  -1  -I 

£  l)  <>  -A  li  I  l'l  it  a,  .-.  .1  .1  .1 


. s  i  i  :  ;  ;.5  i  ;  :  i  ;  ;  ; 


-4*t-t  . «  -  4  .  4  .N  ■  | 


t  tilt:  i  t 


D2-2786-8 


J15 


TABLES 


£  w 

2 

C  TJ 
f  — 
<*  • 
O  >- 


£  PI 


e  "■“! 

u  9 


X»  L  C\ 

3  a 


e'5 

it * 

3 


£3 

<  a. 


1“  «=» 


fc 
I*-  * 


Nor  oo 

-*  $  JT  m 

>li  >X)N  to 

oOvg  N  -4 


mo  o  -  n 

o\  to  m  -  <o 
—  n  •— 


vo  r-.«f  m 


-3  —  VQO  «) 

o 


"9N4-- 

■rt  CT*  910  O 


cm'O'OO) 

mo  (I\NIA 


a 


—  r«J  — 
CO  —  ON 


r'  vo 

m'O 

-T  —  «A 


r-  o  o  m  o\nq>io 

ca  ui  - - m 


N  (ANvO 


'S'g 


\  O  'O  *o  *o 


s* 


s  a 


c  c  c  c  c 


O  -A  O  O  O 

?c  a  *rt  a 

rf\  rs  P*N\0 


o  p  morn 


;a: 


c  c  c 

111 

in  no  *s 


OMNJO 

r^NO  4 


•r»  o  in 
O  f*N  4 
nM~ 


mum4  *n 


o<h-4  w»  5  1?n 


4f  SJ 


WO  —  Ol'A 


C  c  C 

1^1 

r^MO) 


853 

UM5N 


o  m  m 
Ft  - - 


c  c  c  c  c 


.E  .5  .E  .E  .E 
"u  iK  i  i  e 

VS. 

,  -  4  rv-4  — 


<30000 


0  0  0*00  -  -  - 
w*  vomoo  °  ^  9  i-  = 
4  c»h4-to 


a 


a 


|s-  «*<>  M3  m  on 


iOiA-|s 


erect 

i  e  e  e  ‘i 

S  W  S  V 
(ONrsinn 


ooqom 
o  —  -4  <n  i*n 
ir>  o*  m  es  ro 


£$22z 


l»\ISr-»-  O) 


>  <q  o  ovq 
)  lAiAO  O 


£  C  C  C  C 

*fi  e  i  i  i 

x  s  s  v  s 
4  (*us<n<^ 


V  g 

o  0-4  N  <n 

*  2  *-  r- 


'DONON 

O  *A  -  O  to 

(AOmmtA 


>  —  —  —  O 


c  c  c  a  c 

51111 

-tNvfiNN 


IAUV  MV  O  O  - ...  , 

u\o4-Op)  Of'OI.  .  . 
(N  (AfAr-W  O  f*N~  —  — 


I  U  UN 

>  <4 


r-  -T  j. - 4 


(A  N  ID  ON  *A 


O  O  On  ffi  C 
04  I  *4 
tAM  rl  ift 


<h*n  -nm  n  on  in  cs  in  on 


n  iNNvfiin  oi<no><^0i  unn  tnmON  in  on  on  on  on  on  on  On  tn  on 


u  u  u  u  a 

X*  >*•  >-  >*  ON 

•  4>  «  « 

«c  i£  uC  %C  -Y 


«  £  V 

o!  o'  < 


u  WHO 

>-  x  >oe 


Z2  Z 


r—  >-%o  X-  x 

«  a  s 


l>  II  U  (1  U 

X  X  X  X  X 

a  a  a  a  a 

u!  oC  f£  of 


X  X  X  X  X 


il  u  U  O 

>-  >-  >~  XA 

!■  u  u  u  j  v  U  u  O 

«■«!«««  fl  V  «  0 

ft  *£  (£  £.  .2  if  nE  t£ 


X  XN  is  f— 


22 


CN  IS  U  -t  Ul  U  Ul  .<N 
4  vO  *6  4  rtts  UN 

./>  4"  4*  °<  - 


3 

X  -JT  | 


4  4  -  4  >«  un  -f  H)  t  is  ■'\4ffN4m  4  4  t  in  on 


'VVoV  3V? 


1 1  I)  O  O  U 

o  o  o  o  o 
o  o  o  o  o 


O  O  «-|  o  ll 

O  O  f J  o  o 

o  r>  o  o  o 


UN  rtONoNON 


>333 


O  O  O  l"J  o 
O  O  O  <»  o 
o  o  o  o  m 


•*J  (N  I  IN  J 


IS: 


tf  o  O  -  J) 

I  I  I  I  I 


i-i  A  i  i 
«r  4  *: 
n  ‘O  *n 


.4' 


V  I  . 
•-■? : 
» i> 

I  U-  O 


n  n  i  1  i 


a  a 


?  m? 


i  ? 


•  4  '1  «'J  !l 


I  «••  I 

■  t>  «>  r. 
N  «*N  UN  IN 


NlN  1  t  I 


vD  5  «J  i 


■4UfS  <4  '4  N  ■•<  tS  W  H 


A’ l 


tJ  U  fj  «-  —  ■ 


MELTING  RECORD 


D2-2786-8 


TABLES 


,r  >U  rs  iu  ui 

i  J  ^ 


vou>  ^4  •—  m  o  i  «•  *—  vo  no*-  men  r^rsn 

mauj\n  o  o  row  T  n  u«  m <*»  f  —  o 


44  4  m  imo  * 


is  i  ti>  out  vu  im  r-  mi 


o  f-i  t  -  n  u  mo 

ui  -j  i^u>h  vo  ?Nm<- 
•  •  •  *vO  .  i.  vo  •  • 

4  l-v  41  >ft  •  4  O  •  —  O 


n4  out4 

•O  o-  o  is  .6 


04  VO  I  J>  N  NO  V-  vo  v4 1  OJ 

—  O'  4  'O  —  *  •»*  in  O  ■ — 

•  -  •  •  •  u>  II  •  •  < 

4  0\iA - 4  vo  C  ^  UI  O 

nj  <o«n  in  «l  fs  >4)  nt 


—  N  —  o  -I 

in  —  u>  *n  1 


mMi\  mo*»or> 


i  om-  v It 


f  1*4  c  c  c 

O  4  *A  -1  —  m  O  O  O 

X  - - - ■  x.  x  x 


o  o  o  n  o 
z  2  4  z  z 


O  is  i-.  o  m  vi)  f~v  uO  *0  «l\  iO  U>  >0  to 

-NN-M  N  -  *■  -  - - N  - - 


c  c  c  c  c  ecccc 

*i  t  £  b  £  '£  *e  ’£  e  '£ 


EEL-  f  L  t  l:  t  e  F  E  £  tr  V  b  t  f  £  E  fc  E  b  E  E  E  E  E  E  E  E  U  CE 
S  \  X  -V  -N  V  v  \  ^  N.  S  N  S  S  S  NSX%.  S  S.  V  S  S  S  VNN.  VS 

■I  n  uv  .  ho  u'  '1  |  mN  ^  mO  Jiin*0  t  -O  m  'O  'O  O  O  N*0  >0  r*"»  -T  OMH'Oti 


O  .A 

imr.  • —  us  o 

B-O-n  —  — 

A  /j  A  «*, 

N  N  N  N  *- 


-4»  tfl  “I  St-'O  0'04  1  rt 


o  o  o  i)  o  o  o  ci  o  o  o  •/>  o  o 

o  m  w  o  o  o  rnovo  o  o  a»  r>  o 

i'Oit)in<M  IT.  m  Is  o  lAvOiAiAO 

o 

«n  in  r»  r>  o  o  in  o  o  o 

|s  Is  o  I  ino  lAN  IAO  O 

i  mo  m  n  ««n  m  in  m  mmNJ  m 

o  N  mo  i  l  c  »  i  t  I  i 

»'■  miM  —  o  o  )oo  O  O  o  o  O 

in  *n  mooo  o  n  o  m  cj 

—  a  N  m  (N  *-  m  IN  m 


u  m  *n  i  u<  ii  (it  m  ui  m  ..i  m  ci 

4  Ui  N  mi  4  m  C.  4  m  w  cj 


in  in  ot  in  m  <n  Jtm 


>■  >.  >.  >.  >. 
o  o  u  u  u 


u  u  u  u  O 

>*>.>>  uC 
U  yl  u  u 

U  «l  «  V  . 

<C  •£  tC  cC  -O 


U  U  U  4  ll 

>>•>■>->■ 

u  u  u  u  u 

a:  ^  4  4  « 


o  o  n  —  i'-  ■!»  ■<  *  -  i  -  f 
n>  4  i -i  u  m  m  m  m  ••  t 


m  f  m  m  *»  -u  r  -O  'U  m 


ci  i«n  m  o  o  in  -D  r»  o  o  m  i  j  o  o  m  m  r» 


4  if  J  J  *;  if  J  f  i  i 


t  i  i"  j  I  i  »  .•  i*  i 


D2-2786-8 


TABLES 


ANM>4  —  ON 
4  7-1 

VO  <-»  'O  U1  ON 

?  <•»  4  i»N  t 

N  O  -O  lAVA 
vON)  J‘-A  t 

y^sx: 

CM  o  vIN  C'-  O 

UN  in  UN  -4  T 

■O  rs  rs 

«  -f  -4  vn 

-o 

NO 

x> 

UN 

o  j  o 
•1)  UN  Ml 

N  4  in  4 
‘A  i —  un  i  r* ' 

«*N  CNiOcACS 

ON  O  O  O  O 

o 

JO  o  o 

O  CJ  u  o 

O  o  o  o 

i 

o  u  o  o 

o 

o 

O  O  O 

—  o  O  O 

■ —  —  o  a  -x> 

—  —  CM 

—  O 

I  vo  CM  O  < 

—  IA 

4  i  iauu* 

<  ininisin 
~  —  CM  — 

Mi  Cs  3-OUi 
cJ-tf-iN 

UN 

UN  UN  UN 

U)  O  i  iN  ilt 

■ - CM  O 

vo  <o  o  o  cs 
m  ONCA  —  Ot 

4  u»o  N  O 
io  i-,o  N  m 

S'g'g 

$ 

—  —  vO'O 
Ml  rs  un  is 

q" 

Mi  aj  i-  M)  { 

on  4  u  <r.  s; 

4 

UN 

4! 

4  C  <N 
CM  CS 

vO  «N  CM  CM 
lA  Ml  irtsJ 

u\  m  —  UN 
CM 

ON  -4  4  —  0 

»  ‘AO-J  1 

O  t  0  4  O 

t  cm  -t  •-  *n 

CM  —  —  r- 

Ml  u\  ON  — 

IA"  K  —  4 

X 

Mi 

m 

IAIN  4 
CM  CM - 

“’U  1  NJ  — 

4  —  m  — 

-.-oeor- 

S).rlOU3M 

OvQOV). 

UN  U\  O  O  I'N 

NOlANW 
UN  O  CM  lO  VO 

rs  is.  o  is.  on 
tOKNOHNK) 

UN  O  Cl  O  IN 
'O  O  UN  O  IA 

u 

n 

cm  O  no 

-O  *NO 

m 

N 

s 

UN  C*  UN 
<m  o  rs 

o  —  o  in  un 

O  U)  O  W  kO 

IS  -NO  CAA 
CM  btlAOlO 

rtnONIAO 
O  «0  Is-  ON  ON 
—  «M 

NO  UlipO 
IAI5  9-J  U> 

4  CM  UN  —  O 
rs  ij  is.  on  v£> 

—  <M  CJN  *M  lO 
0494-4 

m9  O  <ao 
(A9  INI 
—  — 

* 

-4* 

VO 

tOiAcA 
—  4  UN 

ON  <M  O  O  vO 
NjOOvO- 

S?SS? 
2  2222 

S  *  t  t  i 
22222 

?  t  t  S  t 

ooooo 

z  z  z  z  Z 

c  c  c  c  c 
ooooo 
z  z  z  z  z 

v  v  M* 

c  c  c  c  c 
ooooo 
z  z  z  z  z 

« 

«  »ut  y 

c  c  c 

O  O  1  ON) 

'O 

Mi 

Ml  M>  vO 

Ml  1  •  Mi  M> 

rsCOfs  o  is 
iO  -  A  ui  cO 

ONIAIA4 

O  >0  CM  is.  lO 

|s-  UO  O  —  UN 
IA  -  OlAM 

CM  O  O  O  CM 
VO  O  lAISr- 

O  CM  fs  UN  CM 

OS)  CAISCA 

O  Cs  O  CS.  -CM 

iA  on  o  to  — 

o 

UN 

O 

O 

—  CM  UN 
lAvON 

cm  O  O  —  cm 
—  o  o  m  — 

UN  4  rA  —  N 
—  —  CM  — 

com-oiAis 
—  —  UN—  •— 

vO  'O  isfsj- 

4  UN  UN  NO  UN 

UNSiQ  UNMJ 
—  «N  —  — 

O  9  O  I'-O 
CM  —  UN  —  o| 

2.* 

•A 

CM  N*  CM 

4  lAJ)  t  4* 
4  —  —  m  cm 

O  O  IS.  O  O 

Aoroo  o 

OOOOo 

ooooo 

O  O  UN  O  O 

O  O  fs.  o  O 

OOOOO 

OOOOO 

mo  O  UNO 
ISO  O  NO 

OOCJOO 

ooooo 

o 

o 

o 

«A 

O  O  CM 

O  O  — 

U  rs  O)  IA  (A 
O  03  4-  vo  On 

o-oiAioni 

—  —  CM  —  — 

CO  U>  O  U>  CO 

-MK-M 

o  o  to  rs  a 
—  CM  —  cm  IS 

•O  •()  d  9  o 
—  i —  CM  —  rs 

4)0  0  00 
-  IAN  NN 

ooooo 

<M  CM  4  CM  CM 

o 

CM 

vQ 

INI 

UN-lO 

Nrt- 

CM  CM  rs  cm  mn 
4  CM  M  IAN 

c  c  c  c  c 

c  c  c  c  c 

c  c  c  c  c 

t  c  c  c  c 

c  c  c  c  c 

c  c  c  c  < 

c* 

C 

c  c  c 

C  C  C  .  c 

e  e  e  e  e 

EE  fe  .6  _e 

e  .e  e  e  e 

U  E  6  fc  6 

je  e  e  e  e 

t  e  6  e  | 

e 

E 

GEE 

CUE***  I: 

to  is  ia  m  o 

vO  ON  —  vo  UN 

4  vO  m  VO  cM 

IN  (A  4  r-'  4 

<m"  «M  <d  4  — " 

-  UN  CN  iN  s 
IN 

CM 

CM 

4  4  4 

N  t  /AN4 

«  U  m  o  o  o  o 

W  n  NiAUVIAN 

•*-  o  ^r^rsrs4 


c  *•  o  ooom 

—  —  iflmiAiAr 

»-  «  <N«-r«ri 

3  C 


O  O  O  C»  »-» 
lAUlOaiA 
NKO'Of' 


o  o  o  m  o 
MM 


o  o  o 

(ACQlAlA 

(Ain 


o  o  ooooo 
miA  niAQoo 
w\»n  uununnift 


o  o 
trv»A 

Q  MM  O  m  UN  O  UN  O  t 

q  ii  m  rs  rs.  o  is.  o  3 


8  A  J,!5t 

»^|s 


ooooo  o  o  ao 
O  O  UN  UN  UN  O  ia  I  O  O 
!AU\tnr^h.  O  c—  0*0 


imnuioM  oooiao 
MQtN  m  i  inuxAtNi/t 

—  ia  NPirt  —  N 


o  o 

UN  UN 

o  0«C» 
un  in  i  i 

tr\  rtO  O 

*n  m 

CM  N 


h  9°Ij2  «  po  “\uu>  ui  O  o  o  ;  ~  v*  o  0  m  o  >ro  o  ci  o  ci  <►  r>  »> 

•  4  -  Nm>0  w\  4  'A  (AOiAO-  in  -o  ^  —  mo  u  1  on  o  +  un  cm 


8BS88 

ooooo 


o  o  o  o 
moo  o 
m  m  mom 

mom  un 

cm  m  —  — 


ON  WfIMN  H  IS  'O  IN  iM  ON  IN  >S  IS  (S  IN  IN  IN  IN  IS 

«  ... 

*“  *  f*s  .  .  M)  N  F-.  N  fN  rs 


U  li  U  II  u 

>.>.>*>'* 

U  U  U  U  cC 

«!  .5  .S  *  - 

*£  tc  e£  tc  r- 


■¥ 

5  i  4  $1 

OOOOO 

ooooo 

UNO  o  o  o 

•s  -z  -■»  4-  -r 


—  —  o---— 
«  tf  >•  V  M 

U  U  «  li  II 

22“  22 


■y 

I  i  i 


ooooo 

ooooo 

OOOOO 


fN.  .  H) 

V  'll  'SI 

*A^.  » 

>>  U  •  •  U 

O  ?s 

♦  y  u  o  u 

a£  «  v  t*  * 

at  oc  a:  ac 

n>N  ^  UNA  J 


■  n-  «•  -tw»-n  ^  (s. 


i  j  i 

i  I  i  ■j";  I  4  c 

O  O  O  C.iN  l>  ( 

O  O  Q  1)0  rv  f 

O  O  O  O  O  O  ( 


Oih*r«  i  «i 
•i  3  r  «  — 
i/>  ON  ON  3  ti 
.  h  t~  a  >. 
us)  vo  m  ij 


r-  r^uj  n 

m  in  ij  i  is 

vO  <n  4  fM 

r~  4  1  -t  is  »o 

J  J 

i  £  J  i  4  J 

o  o  n  o  u  tj 
ooooo  o 
cj  o  in  o  o  o 


o  —  u  o  ll 
«  u  «  «  « 

ft  >•  «  a:  a: 


•y 

A  i  J  i 3 


O  CJ  O  O  li 

ooooo 

O  O  UN  UN  IIN 


333*3  *3333  33333  33333 


A  o  3  -  A  3 


>N  -cull  t*  «  | 

•A  lA  *A  -A  -s  -A  -A  -A  »l» 
in  *i  >t  >s  -t  ff.-s  J  :j-.| 


•  I  I  <  .4  IN  -M  •  >1  -s 


Uf-  VJi->  .1  -  .  I  • 

lAlAi-l-n  ll  U  il  J  »• 

m»  •*.  •*»  un  -n  iA  -n  .«  a  •>. 

(L  U  It  u  il  a.  ll.  b  !|  a. 


1  -  *•  »j  ij  «i  h  ii 

n  .*-  .in  ..i  n  >A  -r. 


MELTING  RECORD 


D2-2786-8 


TABLES 


TABLE  J2 


MECHANICAL  PROPERTIES  OF 
RECYCLED  LOW  INTERSTITIAL  ^Al-^V 


ULTIMATE 

REDUCTION 

YIELD  STRENGTH 

TEI:  1. 1 LE 

IN  AREA 

HEAT  NO. 

0.2a  OFFSET 

STRENGTH 

ELONGATION 

X 

BHN 

22-43-P245-  IA 

104,000 

124,800 

13 

33.6 

269.3 

B 

103,000 

124,000 

iO 

24.6 

C 

105,000 

124,200 

9 

22.4 

22-43- P 249-  IA 

102,000 

122,200 

10 

19.0 

269.3 

B 

104,000 

124,200 

10 

21.7 

C 

lo4,ooo 

124,000 

10 

24.6 

22-43-P252-  2A 

106,000 

127,600 

IQ 

20.4 

276.5 

B 

107,000 

127,600 

1  I 

25.2 

C 

104,000 

126,000 

9 

22.4 

22-43-P255-  3A 

107,000 

128,000 

13 

27.2 

277.0 

B 

107,000 

126,800 

10 

25.9 

C 

106,000 

126,800 

10 

21.7 

22-43-P259-  IA 

109,000 

128,000 

13 

32.4 

279.6 

C 

.108,000 

128,000 

12 

24.4 

22-43-P289-  5A 

106,000 

126,000 

12 

31.9 

277.0 

B 

104.000 

122,000 

9 

20.8 

C 

105,000 

122,000 

12 

31.9 

22-43-P267-  2A 

109,000 

130,000 

12 

26.5 

2/1.6 

B 

1 10,000 

131,200 

12 

23.9 

C 

!  10,000 

130,000 

10 

19.7 

22-43-P271-  IA 

109.000 

128,000 

13 

29.2 

279.0 

B 

1 10,000 

128,400 

12 

26.5 

C 

108,000 

128,000 

10 

24.6 

22-43-P280-  2A 

1  10,000 

128,000 

8 

22.4 

277.0 

B 

110,000 

130,000 

11 

27.0 

C 

109,000 

130,000 

13 

34.4 

22-4L-P282-  4A 

Too 

33, 2C0 

0 

0 

262.3 

g 

B 'Ittlc 

(\C  Aftn 

1/ 

0 

C 

72,000 

0 

0 

22-4J-P332-CIA 

105,000 

125,200 

12 

18.1 

272.0 

B 

lU2,UU0 

1 23 , 600 

12 

33.6 

C 

104,000 

124,000 

12 

27.0 
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TABLE  J2  (Continued) 


MECHANICAL  PROPERTIES  OF 
RECYCLED  LOW  INTERSTITIAL  6A1-4Y 


HEAT  NO. 

YIELD  STRENGTH 
0.2%  OFFSET 

ULTIMATE 

TENSILE 

STRENGTH 

ELONGATION 

REDUCTION 
Ih  AREA 
% 

BHN 

22-43-P334-C2A 

109,000 

128,800 

10 

28.5 

290.1 

B 

1 10,000 

128,800 

11 

27.7 

C 

110,000 

128,000 

11 

29.2 

22-43-P372-C3A 

110,000 

131,600 

11 

26.5 

279.2 

B 

110,000 

131,600 

12 

23.2 

C 

112,000 

131,200 

11 

26.5 

22-43-P375-C4A 

1 14,000 

133,200 

8 

15.0 

287.2 

B 

116,000 

134,400 

10 

19.7 

C 

115,000 

134,800 

11 

26.5 

22-43-P376-C5A 

117,000 

137,200 

13 

26.5 

296.0 

B 

119.C0C 

136,200 

10 

21.0 

C 

118,000 

136,200 

11 

21.0 

D2-2786-8  TABLES  J2I 

TABLE  J? 


EXPERIMENTAL  RAMMED  GRAPHITE  MOLD  MIXTURES 


MIX 

NO. 

1 - | 

|  GRAPHITE  USED 

PITCH 

'  ! 

LAUNDRY 

STARCH 

i  \ 

CORN 

FLOUR 

H 

WATER 

BBS 

Reclaim 

BB5 

Classified 
Tumi  ngs 

1 

69 

10 

5 

8 

8 

2 

70.5 

10 

5.25 

8.25 

6 

3 

80.5 

5.8 

5.8 

4.6 

3.3 

4 

75 

7.0 

5.0 

6.0 

7.0 

5 

70 

10 

5.0 

8.0 

7.0 

6 

73.7 

10.1 

3.04 

8.1 

5.05 

7 

83.7 

7.1 

10.1 

8 

76.1 

11 

12.9 

9 

79.3 

9.2 

11.5 

10 

73.5 

10.6 

5.32 

10.6 

11 

71.1 

10.3 

8.3 

10.3 

12 

85.8 

3.73 

10.4 

13 

75 

10.85 

3.26 

10.85 

14 

86.25 

3.75 

10.0 

15 

86.25 

(Trutcar) 

10.0 

3.75 

16 

70. 5» 

10 

5.25 

8.25 

6.0 

17 

70 

10 

5 

8 

7 

13 

73 

12.2 

6.1 

8.7 

19 

77 

10 

5 

I 

7 

20 

74.76 

9.85 

4.92 

1.97 

8.5 

21 

72 

10 

5 

3 

10 

22 

70  (BBS) 

10 

5 

8 

7 

23 

74 

10 

5 

4 

7 

24 

76 

10 

3 

1 

10 

25 

75 

10 

3 

2 

10 

26 

74 

to 

3 

3 

10 

27 

75 

10 

4 

1 

10 

28 

74 

10 

4 

2 

10 

29 

73 

10 

4 

3 

10 

30 

70 

10 

5 

8 

7 

31 

70 

10 

3 

8 

9 

32 

67.75 

9.67 

4.84 

7.75 

10 

33 

68 

10 

5 

8 

9 

34 

69 

10 

4 

7 

10 

35 

70 

10 

4 

6 

10 

36 

71 

10 

4 

5 

10 

37 

72 

10 

4 

4 

10 

38 

73 

10 

4 

3 

10 

♦  2nd  reclaim 
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TABLE  J3  (Continued) 

EXPERIMENTAL  RAMMED  GRAPHITE  MOLD  MIXTURES 


GRAPHITE  USED 

RAW 

LINSEED 

OIL 

MIX 

NO. 

BB5 

Crescent 

Classified 

Turnings 

DUPONOL 

G 

PITCH 

_ 

LAUNDRY 

STARCH 

CORN 

FLOUR 

CEMENT 

C-3 

WATER 

65 

0.938 

9.38 

2.82 

7.5 

70 

10 

3 

8 

69 

1 

10 

3 

8 

69 

10 

8 

73 

10 

4 

2 

66.2 

1.09 

10.95 

5.47 

8.75 

68 

2 

10 

5 

8 

-7/\ 

10 

5 

8 

70 

10 

5 

8 

69.5 

70 

10 

5 

8 

9.72 

4.85 

2.78 

72.5 

0.98 

9.8 

4.9 

69 

(Calcined  Coka 

1 

10 

5 

8 

3-15) 

70 

70 

10 

5 

8 

(Calctnad  Coka 

9.72 

4.86 

3.89 

3-04) 

70 

10 

5 

8 

(Calcined  Coke 

3-15) 

71 

76 

8 

4 

6 

10 

4 

8 

72 

10 

3 

8 

73 

10 

8 

70 

10 

3 

8 

70 

10 

3 

8 

63.75 

0.938 

9.38 

2.82 

7.5 

66.5 

9.38 

2.82 

5.62 

14  .75 
9 
9 
8 
11 

7.65 

7 

7 

7 

7 

8.35 

2.94  8.82 

7 


7 

9.58 


7 


6 

7 

7 

9 

9 

9 

9.38 

14.7 
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TABLE  J3  (Continued) 

EXPERIMENTAL  RAMMED  GRAPHITE  MOLD  MIXTURES 


MIX 

NO. 

PETROLEUM 

CALCINED 

COKE 

coal 

CALCINED 

COKE 

PETROLEUM 

RAW 

COKE 

COKE 

FLOUR 

STARCH 

. 

PI1CH 

C-J 

CEMENT 

WAltR 

SHRINKAGE 

In. /In. 

83 

75 

5 

5 

10* 

10 

0.006 

84 

70 

10 

10* 

10 

57007 

as 

65 

15 

10* 

10 

002 

86 

70 

5 

5 

10* 

10 

0.012 

87 

65 

10 

5 

10* 

10 

0.012 

88 

60 

15 

5 

10* 

10 

0.011 

89 

65 

5 

5 

10* 

8 

7 

0.016 

90 

60 

10 

5 

10* 

8 

7 

0.015 

91 

55 

15 

5 

10* 

8 

7 

0  013 

92 

75 

c 

iO* 

10 

0  105 

93 

70 

10 

10* 

!0 

0.087 

94 

65 

15 

10* 

•0 

0.074 

95 

75 

5 

10* 

10 

0.097 

96 

73.8 

5.2 

10.5* 

10.5 

0.105 

97 

72.2 

5.56 

11.2* 

11.2 

0.073 

98 

75 

5 

10* 

10 

0.093 

99 

73.8 

5.2 

10.5* 

10.5 

0  093 

100 

72.2 

5.56 

11.2* 

11.2 

0.159 

101 

80 

10* 

10 

0.002 

102 

75 

15* 

10 

103 

70 

20* 

19 

104 

76.2 

4.76 

9.52* 

9,»7 

0.023 

105 

71.6 

4.7 

14.2* 

9.3 

0.015 

106 

66.7 

4.77 

10.03* 

9.5 

0.021 

107 

78 

12* 

10 

0.007 

ioe 

80 

IU* 

10 

0.008 

109 

82 

8* 

10 

0.003 

110 

75 

5 

10* 

10 

1 10A 

70 

5 

5 

10* 

10 

0.019 

1108 

65 

10 

5 

10* 

10 

0.016 

111 

70 

10 

10* 

10 

0.002 

112 

65 

15 

10* 

10 

0.005 

113 

76 

12** 

12 

(T5T6 

IU 

78 

|0** 

12 

07075 

115 

80 

8** 

12 

075TC 

116 

71 

5 

12“ 

12 

5:575 

117 

73 

5 

10*  • 

12 

0.012 

118 

75 

5 

8" 

12 

0.016 

119 

76 

12*** 

12 

ff.oosr 

120 

78 

10*** 

12 

0700T 

121 

80 

8*** 

12 

122 

78 

10*** 

12 

0.003 

123 

73 

15*** 

!2 

0.UO7 

124 

ta 

20*“ 

12 

0.021 

125 

73 

5 

10*** 

12 

0.0i6 

126 

68 

5 

15*** 

12 

0.071 

127 

63 

5 

20**  * 

12 

0.023 

128 

71 

5 

12*“ 

12 

0  016 

*29 

75 

j 

iu“* 

1*» 

*  t 

0.012 

130 

75 

5 

12 

0.014 

131 

67 

5 

12 

8 

8 

0.016 

132 

69 

5 

10*** 

8 

a 

0.016 

133 

71 

5 

8*** 

8 

8 

0.018 

*  FtjUi'iiJiy  Pitch 
**  Bluc.lt  Pitch 

***  Kuppoii  Pitch 
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TABLE  J3  (Continued) 


EXPERIMENTAL  RAMMED  GRAPHITE  MOLD  MIXTURES 


MIX 

NO. 

GRAPHITE  USED _ 

Sweco  20  j  Sweco  40 

PITCH 

LAUNDRY 

STARCH 

CEMENT 

C-3 

LIQUID  BINDER 

WATER 

SHRINKAGE 

In/In. 

61 

70 

9 

6 

10  (7605) 

5 

62 

75 

9 

6 

8  (7605) 

2 

0.0105 

63 

70.5 

10.1 

5.04 

10.1  (7601) 

3.5 

0.0150 

64 

71.6 

10.2 

5.1 

10.2(7101) 

1.5 

0.0276 

65 

52 

21 

10 

5 

8 

5.6 

0.0239 

66 

52 

20 

10 

3 

8 

7 

67 

70  (carbon 

10 

5 

8 

7 

sand) 

COKE  93-04) 

68 

68 

12 

5 

8 

7 

0.0094 

69 

70 

10 

5 

3 

7 

0.0094 

70 

72 

8 

5 

8 

7 

0.0063 

71 

64.8 

11.4 

4.75 

4.75 

14.3 

0 

72 

66.7 

9.5 

4.75 

4.75 

14.3 

0 

73 

68.6 

7.6 

4.75 

4.75 

14.3 

0 

74 

74.3 

11.42 

14.28 

0 

75 

75.2 

10.50 

14.3 

0.031 

76 

78 

7.6 

14.3 

0 

77 

73 

12 

5 

10 

0.0125 

78 

75 

10 

5 

10 

0.0019 

79 

77 

8 

5 

10 

0.0078 

80 

78 

12 

10 

0.0016 

81 

80 

10 

10 

0 

82 

82 

8 

10 

0 

*  Slurry  -  Petroleum  residual 

7605  -  Amino  -  Aldehyde 

7601  -  Urea  typo  -  water  soluble 

7101  -  Phono  -  Formaldehyde  -  water  dispersing 
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TABLE  J4 


GRAIN  SIZE  DISTRIBUTIONS  OF  GRAPHITE  BASE  MATERIALS 


U.S.  Series  National 
Equivalent  Carbon 
No.  Grade  B8  8 


Sweco  Reclaimed  Reclaimed  Reclaimed  Reclaimed  2nd  Reclaim 

Separator  (Tumbled  Crushed  &  Crushed  Crushed  &  Reclaim  Plus 

PauNo.  10  Only)  Tumbled  Only  Pulverized  Crushed  20%  Fines 


6 

12 

20 

30 

40 

50 

70 

100 

140 

200 

270 

Pan 

Total 


5.44 
40.82 
32.  jo 
16.72 
2.08 
.49 
.28 
.20 
.08 
.22 

98.68 


0.78 
39.70 
40.86 
10.62 
3.24 
I  68 
1.00 
0.52 
0.46 
0.14 
0.42 

99.42 


0.12 

1.46 

5.30 

31.30 

38.75 

19.72 

2.90 

0.84 

0.08 

0.06 

100.53 


0.26 

3.88 

13.50 

25.96 

29.10 

18.32 

5.44 

2.18 

0.34 

0.92 

99.90 


0.22 

5.54 

9.88 

20.76 

26.20 

18.10 

6.86 

3.80 

2.00 

6.52 

99.88 


2.32 

7.10 

12.12 

20.06 

23.56 

15.66 

5.14 

2.96 

0.96 

8.28 

98.16 


0.32 

5.24 

15.06 

30.28 

25.40 

10.94 

3.90 

2.76 

1.28 

4.74 

99.92 


0.38 

1.50 

3.10 

15.50 

23.78 

17.60 

6.50 

4.30 

3.30 
23.84 

99.80 


Crescent 

Graphite 

Sweco  No.  20 

Calcined 
Coke  3-15 

Calcined 
Coke  3-04 

6 

12 

.04 

20 

.06 

.10 

.08 

,60 

30 

9.36 

6.62 

23.24 

1.44 

40 

11.62 

22.34 

51.58 

3.14 

50 

22.66 

52. 50 

21.42 

6.16 

70 

17.74 

18.54 

3.36 

13.34 

100 

11.12 

1.82 

.34 

27.24 

140 

6.36 

.08 

.06 

27.80 

200 

3.50 

.02 

.02 

12.94 

270 

1.04 

3.0 

Pon 

6.32 

.06 

3.32 

Total 

87.98 

i02,u2 

100.16 

99.02 

Sweco  No.  40 


.02 

.06 

1.38 

10.12 

17.84 

16.96 

12.06 

9.44 

30.76 


Sweco 

60%  No.  20 
40%  No.'  40 


0.2 

6.4 
18.0 
32.0 

22.2 

10.2 

4.2 

2.4 

1.2 

3.2 


99.44 


100. 


BB5 


0.14 

0.68 

1.22 

26.44 

44.28 

24.62 

1.44 

0.2 

0.C3 

0.60 

99.78 


J26 
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TABLE  J5 

PROPERTIES  OF  RAMMED  GRAPHITE  MOLD  MIXTURES 


MIXTURE 

NO. 

MOISTURE 
CONTENT, 
PER  CENT 

GREEN 

PERMEABILITY 

GREEN 

HARDNESS 

GREEN 

COMPRESSION 

STRENGTH 

FIRED 

TENSILE 

STRENGTH, 

PSI 

FIRED  SCRATCH 
hardness 

Specimen 

Test 

Coupon 

Moia 

1 

7.75 

150 

77 

77 

10.3 

65 

75 

75 

8.75 

145 

76 

76 

9.4 

75 

76 

90 

8.9 

90 

TO 

78 

10.3 

80 

82 

82 

10.0 

95 

78 

79 

10.5 

70 

82 

94 

9.1 

105 

77 

78 

9.7 

87 

83 

95 

9.2 

100 

77 

77 

9.8 

77 

82 

96 

8.6 

80 

79 

9.8 

75 

76 

98 

8.8 

85 

79 

10.3 

70 

78 

98 

8 

97 

77 

79 

9.5 

72.5 

80 

98 

8.3 

97 

78 

79 

8.9 

85 

80 

97 

7.8 

83 

77 

10. 1 

85 

80 

97 

7.6 

90 

78 

9.9 

90 

80 

98 

8 

93 

77 

10.1 

'02.5 

82 

8.1 

95 

78 

10.5 

85 

83 

98 

8.75 

95 

77 

9 

75 

83 

95 

8.5 

85 

78 

9.2 

95 

83 

97 

7.5 

82 

78 

9.2 

80 

80 

98 

8.5 

85 

79 

9.6 

90 

80 

8.2 

107 

77 

8.9 

95 

86 

96 

8.4 

95 

79 

80 

9.6 

95 

85 

98 

9.0 

105 

77 

78 

9.7 

80 

82 

97 

8.2 

115 

77 

80 

9.5 

65 

75 

96 

7.4 

115 

77 

80 

8.7 

67.5 

75 

8 

115 

78 

80 

9.4 

75 

75 

97 

2 

7.5 

145 

77 

77 

7.2 

62.5 

75 

87 

5.8 

160 

79 

78 

9.3 

51.5 

60 

93 

5.5 

135 

80 

80 

10.7 

75 

75 

96 

6.5 

122 

78 

78 

10.1 

60 

7A 

97 

6.75 

127 

78 

80 

9.4 

50 

65 

90 

3 

4.5 

170 

75 

83 

5.7 

20 

20 

75 

4 

6.75 

195 

80 

8.3 

45 

60 

5 

6.2 

205 

80 

8.6 

87.5 

75 

96 

6 

5.75 

155 

80 

5.5  Broken  be  for*  test 

90 

7 

9 

187 

58 

4.8  Broken 

20 

70 

8 

12 

100 

68 

c  o 

20 

30 

52 

9 

11.1 

155 

60 

2.9  Broken  in  firing 

0 

10 

10.2 

125 

70 

ia  r 

’•1  .  J 

4  C 

95 

11 

10.2 

90 

70 

5.9 

80 

12 

9.4 

180 

70 

3.2  Broken 

0 

20 

13 

i0.3 

120 

76 

6.2  Broken  In  firing 

75 

H 

10 

270 

76 

4.8  B 

in  fl»log 

40 

15 

9 

267 

76 

4.4  Broken  In  setup  of  test 

40 

16 

5.75 

270 

82 

6.7 

55 

60 

93 

17 

7.6 

105 

60 

8U 

10.6 

46 

60 

6 

no 

78 

80 

9.7 

50 

62 

98 

6.3 

125 

8! 

80 

50.3 

4;  1. 

98 

6.3 

127 

79 

80 

9.7 

<6 

66 

97 

7.0 

97 

79 

HO 

8  9 

40 

63 

97 

6,4 

117 

?? 

76 

?.;< 

*6 

/i) 

96 
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TABLE  J5 


PROPERTIES  Of  RAMMED  GRAPHITE  MOLD  MIXTURES 


MIXTURE  MOISTURE 

CONTENT, 

NO*  PER  CENT 

GREEN 

PERMEABILITY 

GREEN 

HARDNESS 

GREEN 

COMPRESSION 

STRENGTH 

FIRED 

TENSILE 

STRENGTH, 

PSI 

FIRED  SCRATCH 
HARDNESS 

2x2 

Specimen 

Mold 

El 

Mold 

17  7,2 

122 

78 

76 

8.0 

43 

58 

95 

cont.  7.5 

127 

79 

82 

8.6 

44 

70 

6.75 

150 

77 

76 

7.5 

37.5 

55 

97 

6.75 

140 

76 

80 

7.2 

47.5 

65 

8 

152 

76 

78 

6.7 

50 

70 

97 

7.0 

125 

77 

80 

7.1 

62.5 

70 

95 

7.4 

130 

77 

80 

7.4 

62.5 

70 

95 

7.3 

230 

80 

7.2 

60 

65 

7.3 

320 

80 

7.1 

50 

60 

6.75 

270 

77 

5.3 

6.75 

290 

77 

5.3 

45 

55 

6.75 

280 

78 

5.8 

40 

50 

7.1 

330 

/B 

■5.9 

30 

55 

7.0 

310 

79 

6.3 

6.85 

330 

79 

6.9 

40 

65 

7.5 

300 

78 

6.5 

35 

60 

6.85 

270 

79 

7.5 

52.5 

60 

6.5 

220 

79 

6.5 

60 

70 

7.9 

210 

80 

6.5 

60 

70 

7.6 

270 

78 

7.3 

55 

70 

7.5 

230 

79 

6.8 

60 

70 

7.75 

200 

79 

7.0 

70 

75 

7.75 

290 

80 

7.3 

65 

70 

7.75 

260 

79 

6.2 

52.5 

70 

8.0 

290 

79 

5.1 

40 

55 

7.9 

270 

80 

6.9 

55 

65 

7.7 

250 

79 

7.7 

65 

70 

8.2 

250 

79 

7.0 

60 

65 

S.O 

240 

B0 

5.7 

50 

65 

8.1 

230 

79 

7.3 

60 

70 

8.0 

230 

80 

7.0 

52.5 

65 

8.5 

250 

78 

6.7 

Broke 

30 

8.8 

170 

80 

7.6 

27.5 

60 

8.0 

180 

79 

6.8 

35 

60 

8.3 

180 

78 

6.9 

25 

55 

9.0 

240 

79 

6.3 

:» 

60 

8.5 

240 

77 

4.9 

7.8 

220 

79 

6.3 

30 

50 

7.75 

250 

79 

7.1 

65 

8.0 

200 

79 

6.9 

37.5 

70 

8.2 

260 

78 

5.8 

22.5 

60 

8.5 

240 

78 

7.1 

35 

70 

7.4 

260 

79 

6.0 

7.2 

250 

79 

5.5 

8.6 

290 

76 

4.3 

7.5 

210 

79 

6.3 

8.3 

260 

78 

5.3 

7.6 

230 

79 

6.7 

8.0 

210 

79 

6.7 

J28 
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TABLE  J5 

PROPERTIES  OF  RAMMED  GRAPHITE  MOLD  MIXTURES 


MIXTURE 

NO. 

MOISTURE 
CONTENT, 
PER  CENT 

GREEN 

PERMEABILITY 

GREEN 

HARDNESS 

GREEN 

COMPRESSION 

STRENGTH 

FIRED 

TENSILE 

STRENGTH, 

PSI 

FIRED  SCRATCH 
HARDNESS 

2x2 

Specimen 

Mold 

Test 

Coupon 

Mold 

17 

8.0 

250 

78 

5.0 

cont. 

8.0 

220 

77 

4.5 

8.0 

230 

78 

4.6 

7.2 

260 

78 

4.0 

7.5 

230 

78 

5.5 

8.0 

270 

78 

6.1 

7.75 

220 

78 

6.4 

7.0 

240 

79 

6.8 

6.2 

95 

79 

9.7 

85 

80 

7.5 

105 

81 

9.3 

60 

70 

7.5 

95 

80 

9.4 

67.5 

75 

6.9 

125 

80 

9.1 

80 

77 

7.5 

117 

79 

■8.9 

75 

75 

7.8 

120 

80 

8.1 

67.5 

75 

7.8 

110 

80 

9.9 

77.5 

80 

7.7 

120 

80 

9.7 

75 

77 

7.75 

113 

80 

9.8 

77.5 

80 

8.0 

120 

79 

8.3 

60 

70 

7.9 

123 

79 

8.1 

82.5 

80 

7.75 

127 

80 

9.9 

90 

75 

7.9 

130 

80 

9.8 

70 

75 

7.5 

115 

78 

6.8 

65 

75 

7.9 

155 

80 

9.2 

70 

77 

7.2 

165 

80 

9.1 

50 

65 

7.5 

162 

80 

9.2 

55 

70 

7.5 

177 

79 

7.6 

70 

75 

8.3 

127 

79 

9.2 

77.5 

80 

8.4 

152 

80 

9.1 

45 

70 

8.1 

145 

79 

9.8 

60 

75 

8.1 

190 

80 

9.6 

70 

75 

8.0 

245 

79 

8.9 

72.5 

75 

8.2 

245 

80 

8.4 

60 

70 

8.4 

195 

80 

9.0 

67.5 

75 

7.4 

185 

80 

9.1 

50 

65 

7.8 

225 

79 

8.0 

62.5 

70 

7,2 

200 

80 

8.5 

67 

72 

7.75 

215 

80 

7.7 

52.5 

70 

6.25 

192 

80 

8.6 

80 

75 

7.0 

22C 

80 

8.1 

75 

77 

7.2 

147 

77 

80 

8.3 

77.5 

75 

92 

6.75 

150 

79 

80 

9.3 

70 

75 

6.9 

123 

79 

80 

9.0 

70 

75 

8.6 

115 

74 

80 

7.5 

64 

85 

97 

18 

6.6 

105 

78 

79 

6.9 

26 

35 

92 

19 

7.7 

122 

75 

76 

6.1 

27.5 

40 

92 

6.4 

132 

75 

T> 

6.2 

27.5 

45 

93 

20 

7.2 

1 17 

72 

72 

5.6 

40 

55 

95 

9.5 

105 

70 

72 

4.4 

46 

70 

95 

02-2786=8 
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TABir  J5 

PROPERTIES  OF  RAMMED  GRAPHITE  MOLD  MIXTURES 


IXTURE 

NO. 

MOISTURE 
CONTENT, 
PER  CENT 

GREEN 

PERMEABILITY 

1 

GREEN 

HARDNESS 

GREEN 

COMPRESSION 

STRENGTH 

TIRED 

TENSILE 

STRENGTH 

PS1 

FIRED  SCRATCH 
HARDNESS 

2  x  2 
Specimen 

Mold  j 

Test 

Coupon 

Mold 

21 

9.3 

105 

72 

72 

5.0 

40 

60 

95 

8.1 

107 

73 

72 

4.9 

35 

55 

95 

8.5 

72 

78 

4  8 

52.5 

70 

96 

9 

72 

72 

5.2 

61 

75 

95 

9.4 

82 

71 

72 

5.5 

50 

72 

95 

8  8 

90 

70 

4.3 

46 

70 

9.2 

75 

57 

78 

5.8 

137.5 

90 

95 

9.5 

90 

72 

78 

4.8 

167.5 

90 

95 

8 

77 

74 

76 

6.7 

116.5 

05 

94 

9 

92 

73 

76 

5.6 

75 

80 

22 

6.1 

440 

79 

80 

8.8 

52.5 

70 

95 

23 

7.2 

100 

75 

73 

.5.2 

35 

55 

87 

24 

8.2 

107 

72 

77 

4.3 

20 

25 

94 

8.6 

95 

74 

76 

3.8 

22.5 

30 

92 

25 

8.2 

100 

73 

77 

4.4 

17.5 

20 

78 

8.5 

110 

70 

76 

2.7 

30 

50 

80 

26 

9.5 

110 

73 

78 

4.1 

12.5 

10 

72 

9 

75 

74 

72 

4.9 

60 

70 

91 

9.5 

87 

74 

76 

4.7 

21 

30 

92 

27 

7.75 

105 

75 

80 

5.7 

20 

30 

85 

7.3 

87 

75 

78 

5.1 

27.5 

40 

80 

28 

8.2 

92 

74 

78 

4.0 

20 

25 

94 

8.4 

73 

76 

81 

6.0 

31.0 

55 

87 

8.2 

77 

74 

81 

6.3 

32.5 

55 

87 

7.5 

73 

75 

78 

5.5 

32.5 

60 

93 

22 

9.2 

73 

74 

78 

5.2 

60 

75 

94 

8.75 

85 

73 

78 

5.3 

52.5 

70 

94 

30 

8.0 

150 

80 

80 

10.6 

41.5 

65 

7.8 

200 

78 

78 

10.5 

42.5 

70 

7.5 

140 

77 

80 

10.8 

57.5 

80 

93 

7.5 

92 

78 

80 

8.7 

66.5 

80 

95 

6.5 

88 

80 

80 

9.1 

45 

70 

7.4 

62 

78 

80 

9.2 

60 

80 

30 

7.8 

125 

80 

10.0 

55 

65 

7.2 

130 

80 

9.8 

45 

60 

9.2 

97 

80 

9.0 

35 

60 

1/5 
■  V.V 

GO 

78 

10.3 

60 

HU 

9.3 

127 

80 

9.7 

40 

65 

9.25 

165 

79 

9.3 

45 

75 

7.2 

330 

79 

6.7 

7.3 

410 

80 

7.2 

7.75 

140 

78 

6.2 

9.4 

80 

80 

7.9 

31 

9.4 

75 

75 

80 

7.1 

25 

55 

8.2 

75 

75 

80 

8.1 

35 

75 

94 

9.7 

60 

75 

fcG 

8.4 

37.5 

75 

9.75 

77 

75 

8.5 

9.5 

72 

76 

8.6 
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TABLE  J5 

PROPERTIES  OF  RAMMED  GRAPHITE  MOLD  MIXTURES 


IXTURE 

NO. 

MOISTURE 
CONTENT, 
PER  CENT 

GREEN 

PERMEA8IUTY 

GREEN 

HARDNESS 

GREEN 

COMPRESSION 

STRENGTH 

FIRED 

TENSILE 

STRENGTH, 

PSI 

FIRED  SCRATCH 
HARDNESS 

2x2 

Specimen 

Mold 

Test 

Coupon 

Mold 

31 

9.5 

72 

76 

8.6 

cont. 

9.9 

75 

76 

8.1 

32 

9.4 

68 

76 

78 

8.1 

38.5 

75 

97 

33 

8.7 

100 

77 

78 

9.0 

35 

80 

94 

34 

9.8 

75 

75 

80 

9.0 

42.5 

60 

95 

35 

9.2 

77 

75 

80 

8.4 

41.5 

78 

96 

36 

8.9 

93 

75 

80 

8.6 

46 

75 

95 

37 

10.0 

95 

75 

9.2 

40 

75 

96 

38 

10.7 

78 

74 

80 

8.7 

92 

3 9 

14.5 

17 

70 

6.5 

297 

91 

40 

10.0 

90 

72 

5.5 

70 

77 

10 

93 

76 

6.8 

58.75 

65 

41 

10.3 

46 

74 

5.8 

112.5 

85 

42 

7.3 

107 

78 

9.9 

50 

72 

8.4 

97 

77 

10.4 

65 

78 

6.9 

14/ 

78 

9.2 

22.5 

40 

4.) 

11.3 

38 

74 

8.5 

35 

65 

44 

8.6 

31 

79 

11.1 

150 

90 

43 

8.1 

45 

79 

10.3 

152 

90 

46 

8.0 

95 

78 

9.0 

91 

80 

47 

12.0 

75 

75 

7.5 

135 

90 

48 

6.5 

70 

80 

8.3 

102.5 

80 

49 

7.5 

95 

80 

8.7 

166 

87 

8.75 

85 

80 

9.3 

145 

87 

7.5 

110 

79 

9.2 

87.5 

78 

8.25 

110 

79 

9.2 

102.5 

85 

8.20 

100 

79 

8.8 

100 

85 

8.2 

110 

80 

o  n 

U.7 

100 

85 

7.9 

125 

78 

7.2 

95 

80 

7.9 

120 

78 

8,6 

92.5 

82 

8.25 

120 

78 

8.0 

100 

82 

7.9 

110 

79 

8.5 

07.5 

82 

8.1 

130 

80 

8,2 

112.5 

84 

8.1 

130 

80 

8.7 

110 

80 

8.1 

93 

78 

9.4 

140 

85 

8.5 

93 

80 

9.6 

U6.5 

85 

7.0 

73 

80 

i0.9 

169 

87 

/ .  0 

77 

60 

10.2 

115 

80 

2.5 

92 

80 

9.0 

166 

87 

8.75 

85 

79 

9.3 

145 

87 

7.5 

no 

79 

9.2 

8.25 

1 1C 

79 

9.1 

8.2 

100 

79 

0.7 

8  2 

105 

79 

8.7 

7.9 

122 

78 

7.3 

7.9 

1 15 

79 

0.0 

8.25 

120 

78 

8.7 
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.TABLE  J5 

PROfE<TiES  OF  RAMMED  GRAPHITE  MOLD  MIXTURES 


MIXTURE 

NO. 

MOISTURE 
CONTENT, 
PER  CENT 

GREEN 

PERMEABILITY 

GREEN 

HARDNESS 

GREEN 

COMPRESSION 

STRENGTH 

FIRED 

TENSILE 

STRENGTH, 

PSI 

FIRED  SCRATCH 
HARDNESS 

2x2 

Specimen 

Mold 

MMH|| 

-BEK 

Mold 

49 

7.9 

105 

79 

8.6 

cont. 

8.1 

125 

79 

8.4 

8.1 

125 

80 

8.8 

m 

JW 

8.3 

iirt 

*t  1 V 

80 

9.4 

60 

75 

51 

11.4 

115 

75 

4.8 

72.5 

75 

52 

7.8 

77 

75 

6.7 

80 

80 

53 

6.2 

660 

76 

5.6 

35 

60 

54 

8.7 

142 

76 

6.1 

50 

65 

55 

7.4 

143 

76 

6.1 

42.5 

55 

56 

9.2 

102 

75 

6.2 

40 

70 

57 

11.5 

160 

73 

6.7 

45 

65 

58 

12.7 

85 

71 

4.9 

60 

80 

59 

12.75 

83 

70 

3.7 

95 

85 

60 

14.5 

27 

74 

7.1 

85 

87 

61 

10.7 

270 

76 

9.5 

105 

85 

62 

7.75 

390 

78 

7.6 

35 

35 

63 

8.2 

390 

78 

8.6 

42.5 

70 

64 

5.4 

800 

70 

4.3 

67 

7.6 

170 

78 

7.4 

68 

7.8 

80 

78 

6.3 

72.5 

80 

69 

8.6 

60 

73 

4.3 

54.0 

88 

70 

8.0 

78 

75 

4.9 

42.0 

78 

2.36 

50 

66 

3.0 

72 

3.34 

50 

65 

2.6 

120.0 

88 

73 

2.10 

50 

65 

2.5 

95.0 

88 

74 

31 

69 

3.4 

218.0 

96 

75 

70 

2.9 

200.0 

96 

76 

4Z 

VU 

2.5 

94.0 

83 

77 

76 

5.2 

77.0 

86 

79 

75 

4.7 

56.5 

75 

80 

76 

4.7 

81.0 

S3 

81 

79 

4.8 

61.0 

79 

82 

77 

4.5 

83 

11.8 

32 

73 

6.1 

33.0 

42 

84 

12.8 

19 

75 

7.5 

25.5 

41 

85 

1 3.6 

18 

78 

8.1 

33.8 

54 

86 

12.0 

37 

74 

5.4 

57.5 

76 

87 

i3.2 

36 

/  « 

ST  4 

44  £ 
luw 

7i 

88 

11.4 

23 

75 

6.4 

47.7 

73 

89 

9.5 

39 

69 

5.9 

49.8 

74 

90 

8.8 

48 

7? 

5.2 

34.0 

56 

91 

6.0 

32 

70 

5.4 

06.7 

43 

92 

15.4 

7.5 

79 

12.3 

60 

92 

93 

15.2 

6  5 

80 

12.7 

94 

16.7 

/ 

30 

12.2 

34 

84 

95 

13.3 

21 

75 

7.7 

96 

19  5 

49 

65 

6.3 

97 

I?  0 

53 

45 

6.8 

96 

10. S 

5; 

6  ■ 

6  0 
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TABLE  J5 

PROPERTIES  OF  RAMMED  GRAPHITE  MOLD  MIXTURES 


MIXTURE 

NO. 

MOISTURE 
CONTENT, 
PER  CENT 

GREEN 

PERMEABILITY 

GREEN 

HARDNESS 

GREEN 

COMPRESSION 

STRENGTH 

FIRED 

TENSILE 

STRENGTH, 

PS1 

FIRED  SCRA1CH 
HARDNESS 

2x2 

Specimen 

Mule! 

Tesfr 

Coupon 

Mold 

99 

11.9 

71 

65 

6.5 

100 

11.8 

30 

67 

6.4 

IAt 

IV  1 

t  1  O 
<  1  .u 

C 

81 

11.7 

49.4 

80 

102 

14.8 

6 

81 

12.9 

55.0 

84 

103 

14.8 

6 

80 

12.7 

82.5 

89 

104 

16.0 

6.5 

78 

10.2 

51.0 

88 

105 

12.8 

7 

78 

10.2 

67.5 

85 

106 

13.4 

6.5 

77 

10.0 

72.0 

81 

107 

11.8 

35 

72 

5.7 

55.0 

64 

108 

12.2 

36 

77 

6.1 

55.0 

59 

109 

11.0 

40 

75 

5.4 

47.5 

66 

110 

10.6 

5 

84 

15.0 

66 

I10A 

15.6 

9 

77 

11.2 

35.0 

83 

1I0B 

14.2 

13 

77 

10.5 

26.0 

74 

111 

13.8 

6 

82 

15.9 

45.1 

77 

112 

13.6 

6 

83 

16.0 

43.0 

80 

113 

12.0 

40 

74 

5.3 

44.0 

71 

114 

13.0 

41 

75 

5.9 

40.0 

70 

115 

12.0 

46 

72 

4.9 

31.2 

40 

116 

13.6 

40 

69 

4.8 

77.5 

85 

117 

12.6 

48 

68 

4.4 

62.5 

88 

118 

11.4 

59 

70 

5.0 

48.5 

74 

119 

9.2 

51 

69 

3.4 

32.5 

53 

120 

10.3 

52 

68 

3.6 

121 

9.8 

58 

70 

3.4 

122 

17.6 

5.5 

80 

13.7 

83 

123 

19  6 

5.5 

80 

12.6 

82.5 

92 

124 

21.8 

5 

80 

12.5 

93 

125 

16.8 

7 

75 

9.0 

41.0 

86 

126 

13.8 

6 

75 

9.8 

69.0 

89 

127 

15.6 

6.5 

75 

9.7 

122.0 

97 

128 

13.4 

31 

70 

4.9 

58.5 

77 

129 

10.2 

50 

68 

3.0 

42.0 

55 

130 

10.8 

54 

73 

4.4 

39.5 

52 

131 

9.2 

47 

72 

5.4 

48.5 

72 

132 

9.6 

48 

70 

5  0 

56.0 

80 

ojN^oiNoceoi'O'Oa:  o«n»c»>.sisjodsj,mosO'0>0!(> 

CiWW^NSl'C&.UWto  QA.O)OiOO-OS  AUiS>'0}. 
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TABLE  J6 

SHRINKAGE  OF  RAMMED  GRAPHITE  MOLDS 


MIX  HO.  SHRIHKASE.  IN/FT 


2 

0.128 

4 

0.198 

5 

0.198 

16 

0.188 

17 

0.125 

a  t  or 

0.(25 

0.138 

0.136 

0.136 

0.133 

0.160 


Ava. 

0.133 

22 

0. 138 

30 

0.141’ 

0. 141 

Ava. 

0.141 

n 

0.151 

33 

0.155 

6 

0.139 

31 

0..38 

0,104 

0.0926 

0 . 0409 

jlsjsL 

Avo. 

0.101 

34 

0.0755 

35 

0. 104 

36 

0. 1035 

37 

0.0755 

38 

0.  138 

hix  ho.  shrinkage,  in/in 


1*1 
. , 

0.0110 
0.01185 
0.0122 
0.0120 
0.0145 
0.0145 
0.00805 
0.0145  ■ 
0,0145  . 

Ava, 

0.0126 

30 

0.0136 

0.0126 

Ava, 

0.0131 

40 

0.00745 

0.01435 

Ava. 

0.00109 

41 

0.00825 

43 

0.00885 

44 

0.0151 

46 

O.OI385 

47 

0.0153 

48 

O.OI42 

49 

O.OI535 

0,01650 

0.01450 

0,01450 

0.01450 


Ava, 

O.OI453 

5» 

0.01025 

54 

0.0152 

55 

0,0141 

56 

0,0103 

57 

0.0107 

58 

0.0149 

MIX  110. 

SHRINKAGE.  IN/FT 

19 

0.207 

0.173 

Ave. 

0.190 

20 

0.173 

0. 132 

Avo, 

0. 152 

21 

0.138 

0.173 
0,160 
0.153 
0.0834 
0  146 


0.0612  • 


Avo, 

0.131 

23 

0.114  , 

24 

0.132 

, 

0.151 

.  1N1  1  a 

Ave, 

0.141 

25 

0.104 

0.0345 

Ave, 

0.0694 

26 

o!o76 

0.045 

0.104 

/'ve. 

0.075 

*•/ 

Avo. 

0.0755 

28 

0. 1385 
0.136 

JSLJSJL. 

Avo. 

0.149 

29 

0,1 66 
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TABLE  J7 


EXPERIMENTAL  SHELL  GRAPHITE  MOLD  MIXTURES 


Mix 

No. 

Phenol 

Formal¬ 

dehyde 

% 

Pitch 

% 

Graphite 
Type  % 

Solvent 

Mul  1 

Time, 

Minutes 

i 

12 

»B  5 

88 

4 

2 

!  2 

Sweco  HU 0 

88 

5 

J 

20 

BB  5 

80 

5 

4 

12 

8 

BB  g 

80 

5 

5 

6 

u 

U 

SB  5 

Hfi 

!/l  Pt. 

4* 

6 

12 

0 

BB  5 

80 

1/2  Pt. 

4* 

1 

to  .(Borden) 

to 

Carbon  Sand 

80 

4 

a 

12  (7504) 

to 

Calcined  Coke 

78 

4 

9 

10  (7504) 

to 

Calcined  Coke 

78 

4 

*  Hutted  dry  4  mlnutet  and 

then  nivS  Ssd  i 

1 1 

alccho!  ac 

Went  evaporated. 
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TABLE  J8 


EXPERIMENTAL  INVESTMENT  MOLD  MIXTURES 


QriipM  to 

Darex  *»€»! 

0.tx.»4l  J2 

CiXHMtft  b  Ittl 
Wit  1  to  III  no 

C-J 

Cement 

Pitch 

Water 

(Onmootl 

1 

#50  Mc»h 

s  forts 

Orotic  39 

2  Ports 

2)  Parts 

Hod turn  shrinkage 

20  hr,  set  list© 

3 

7  Port* 

2  Ports 

2  Pai i s 

Hodfim  shrinkage 

8  l.r,  set  time 

3 

7  Port* 

l  Port* 

2  Putt* 

High  shrinkage 
strong,  10  hr,  set 
tlmo. 

<• 

7  Ports 

2  Potts 

t  Part 

10  hr,  set  tI*o 

hard  strength  no 
shr Inkayo 

s 

7  Port* 

2  Parts 

2  Parts 

16  hr.  sot  tine, 
hard  -  no  shrinkage 

6 

70  GH 

20  GH 

• 

8  GH 

1C  GH 

»5  OH 

Hold  cavity  pitted 

7 

70  GH 

20  GM 

20  GH 

8  CM 

10  GH 

Mold  cavity  badly 
pitted  -  pour 
condl » lo»* 

u 

70  GH 

15  fiM 

8  GH 

10  OH 

)0  GH 

Scabbing,  partial 
collapse  of  wold 
wal  I* 

S 

;c  GH 

tO  GH 

6  CM 
(starch) 

8  OH 

10  CM 

50  GH 

Very  po*Pus,c-»vi  ty 
col  lapsed. 

10 

•3S0  GH 

100  8H 

40  GH 

50  GH 

125  GH 

Air  nntrappod  at 
cavity  surfaces 
thick  slurry. 

II  («-») 
(Flnt  Coot) 
I1A 

(Strcond  tout) 

30  GH 

350  OH 

40  GH 

30  GH 

50  GH 

16  GH 

60  GH 

20  GH 

50  GH 

90  OH 

140  GH 

First  coat  buckled 
and  pullod'.iway  from 
second  coat,  dtr 
ent tapped  In  second 
coat . 

u 

3  >0  GH 

50  GH 

60  GH 

50  CM 

120  GH 

Too  stiff  to  p<H*r 
»;ll 

1) 

200  GH 

150  OH 

40  CM 

50  GH 

270  GH 

Huldi  good.  Sixmo 
air  entrapment 

IM  <f-l) 

50  GH 

30  GH 

12  GH 

to  GH 

12  GH 

65  GH 

|FJr*t  coat)  ,  ,  ,  .  . 

)(|Q  (F-IJ  IUO  <r  f*tr.»«-hyl  o*  tho*  I  I  Iwto,  1)6  CC  dooatui  <>d  ethyl  alcohol 
24  CC  J**  hydro«.hIc*f  lc  .»cld.  (plvs  12  CC  of  utter  to  control 
»otC<*ty  tine) 


IS  <H-») 
IB  (G*t) 


Adilud  tui 

LOO  GH  -//2#  &««•$,  210  GH  -I2l»  Novad .  sand,  120  GM 

200  fcKi*h  vllUu  floor,  I  6*1  Jut»  oxldu. 

Xorr  crystallite  and  water 

zoo  cm  i go  wt  go  on 


270  GH 
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ortrt-'fjujjy***1 
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«  «  £■  01  *®  o  -*  $  r. 
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i 
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TABLE  J10 

FEEDING  DISTANCES  IN  UN-TAPERED  MACHINED  GRAPHITE  MOLDS 


HEAT 

MO. 

THICK. 

HESS 

PLATE 

DIA¬ 

METER 

RISER 

D1A. 

UNDER 

RISER 

SHRINK 

PLATE  EDGE 
SHRINK  SOUND 

SOUND 

BEYOND 

RISER 

TGTAl 

SOUND 

T  » 

Total  Sound 
Tnickne** 

-  P-7 

1  In. 

«  In. 

1  In. 

Mo  Obi  Yes 

5/8  '• 

7/16 

1-1/16 

1.0625 

7/8 

No  Obi  Yes 

0 

13/16 

13/16 

0.929  - 

3/4 

No  Obs  Yes 

1/4 

5/8 

7/8 

1.16 

5/8 

No  Obs  Yes 

3/8 

9/16 

15/16 

1.50 

P-9 

1  In. 

&  In. 

1.5  In 

Yes 

Yes 

5/8 

3/8 

1  In. 

1.0 

7/8 

Yes 

Yes 

9/18 

5/8 

1-3/16 

1.36 

3/4 

No 

res 

5/8 

5/8 

1-1/4 

1.67 

5/8 

No 

Ye* 

3/8 

7/16 

13/16 

1.30 

i/a 

No 

Yes 

3/16 

3/8 

9/16 

M2 

P-10 

1  In. 

6  In. 

2  In. 

No 

Yes 

3/4 

1/4 

1  In. 

1.0 

7/8 

Ho 

Yes 

11/16 

13/16 

1-1/2 

1.71 

3/4 

No 

Yes 

9/16 

li/16 

1-1/4 

1.67 

5/8 

No 

Yes 

5/16 

9/16 

7/8 

1.40 

1/2 

No 

Yet 

1/2 

1 1/16 

1-3/16 

2.37 

P-11 

1  In* 

8  In. 

2.5  In 

No 

Yos 

9/16 

1/2 

1-1/16 

1 .0625 

7/8 

No 

Yes 

9/16 

1/2 

1-1/16 

1.21 

3/4 

No 

Ye* 

1/4 

1/2 

3/4 

0.75 

5/8 

No 

Yes 

5/16 

5/8 

15/16 

1.50 

1/7 

No 

Yes 

1/4 

5/16 

9/16 

1.12 

1/8 

2  In. 

No. 

Yes 

3/8 

3/8 

3/4 

2.0 

P-13 

1  In. 

5  In. 

Nona 

Yes 

3/16 

5/16 

1/2 

0.5 

7/8 

Ye* 

1-1/16 

3/16 

1-1/4 

1.43 

3/4 

Yos 

1/2 

7/16 

15/16 

1.25 

5/8 

Yes 

1/2 

i/a 

5/6 

1.0 

1/7 

Ye* 

1/2 

5/16 

13/16 

1.62 

3/8 

Yos 

5/16 

3/8 

11/16 

1.83 

P-14 

1  In. 

5  In. 

1  In. 

Yes 

Y«S 

1/2 

1/2 

1 

1.0 

7/8 

Yes 

Yes 

1 

5/16 

1-5/16 

1.5 

1/4 

Yes 

Yes 

1/2 

1/2 

1 

1.33 

5/8 

Ye* 

Yes 

9/16 

i/2 

1-1/16 

1.70 

1/2 

Yes 

Ye* 

7/16 

3/8 

13/16 

1.60 

3/8 

No 

Yes 

3/8 

7/16 

13/16 

2.15 

P-15 

1  in. 

5  In. 

1.5 

Yes 

Ye* 

•1/16 

7/8 

1-9/16 

!  .56 

?/ij 

Yes 

Ye* 

5/8 

5/16 

15/16 

1.06 

3/4 

Yes 

Yes 

9/16 

3/8 

15/16 

1-25 

5/8 

No 

Ye* 

1/2 

5/8 

1-1/8 

1.8 

1/2 

Ho 

Yes 

1/4 

5/16 

9/16 

1.12 

J/8 

No 

Yes 

1/8 

3/4 

7/8 

2.30 

•-I& 

1 

5  i«y 

5  in 

Nn 

Vet 

1/2 

5/8 

1-1/a 

1.125 

*/8 

No 

Ye* 

9/1-6 

i/2 

1-1/16 

1.2 

3/4 

No 

Yes 

1/2 

11/16 

1-3/16 

1.48 

5/8 

No 

Yes 

1/2 

5/8 

1-1/8 

1.80 

1/2 

No 

Yes 

3/8 

5/16 

It/16 

1.37 

3/8 

No 

Ye* 

3/16 

3/16 

3/8 

1.00 

P-17 

1  In. 

$  In. 

2.5  In, 

No 

No 

1-5/4 

1.25 

7/8 

No 

No 

1-1/4 

1.43 

3/4 

No 

No 

1-1/4 

1.66 

5/8 

No 

Yes 

Hi 

5/8 

1-1/8 

1.8 

1/2 

No 

Yes 

11/14 

7/16 

1-1/8 

2.25 
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TABLE  Jll 

FEEDING  DISTANCES  IN  TAPERED  MACHINED  GRAPHITE  MOLDS 


HEAT 

PLATE 

TAPER 

UNDER 

PLATE 

EDSE 

SOUND 

TOTAL 

T  # 

NO, 

THICK- 

OJA- 

RISER 

RISER 

SHRINK 

SOUND 

BEYOND 

SOUND 

Total  Sound 

NESS 

PETER 

DIA. 

SHRINK 

RISER 

Thickneit 

p-74 

1/8  In. 

6  In. 

I  In. 

2 

no 

yat 

IA 

1/4 

1/2 

4.oo 

I A 

6 

t 

2 

no 

y»* 

1/4 

1/2 

3/4 

J.oo 

3/8 

6 

I 

2 

no 

yat 

3/4 

1/2 

1-1/4 

3.33 

1/2 

6 

1.5 

2 

no 

ya» 

3/8 

5/8 

1 

2.00 

5/8 

6 

1.5 

2 

no 

ye* 

5/8 

3/4 

1-3/8 

2.20 

3A 

6 

2 

2 

no 

ye* 

3/4 

1/2 

1-1/4 

1 .6/0 

7/8 

6 

2 

2 

no 

yo* 

3/4 

1/2 

1-1/4 

1.440 

1 

8 

2.5 

2 

no 

ya* 

3/4 

1/4 

1-1/4 

1.250 

P-75 

1/8  In. 

6  In 

>  In. 

2 

no 

yet 

1/4 

1/4 

1/2 

4.00 

I A 

t 

1 

2 

no 

yat 

1/4 

1/2 

3/4 

J.OO 

3/8 

6 

1 

2 

no 

ya* 

1/2 

1/4 

3/4 

2.00 

1/2 

8 

1.5 

2 

no 

ye* 

1/2 

1/4 

3/4 

1.50 

5/8 

« 

1.5 

2 

no 

ye* 

1/2 

1/2 

1 

1.60 

3A 

6 

2 

2 

no 

ye* 

3/8 

1/4 

5/8 

.834 

7/8 

6 

2 

2 

no 

ye» 

5/8 

I 

1-5/8 

1.86 

1 

6 

2.5 

2 

no 

ye* 

3/4 

1/2 

1-1/4 

1.250 

p-7» 

1/8  In. 

6  In, 

1  In. 

2 

no 

yet 

1/4 

1/4 

1/2 

4.00 

IA 

6 

1 

2 

no 

»«« 

1/4 

1/4 

1/2 

2,00 

3/8 

6 

1 

2 

no 

ye* 

1/2 

3/8 

7/8 

2.33 

l/I 

6 

1.5 

2 

no 

Y»« 

1/2 

1/4 

3/4 

1.50 

5/8 

« 

1.5 

2 

no 

Y«» 

1/2 

1/2 

1 

1.60 

3A 

& 

2 

2 

no 

ye* 

1/2 

0 

1/2 

.666 

7/8 

6 

2 

2 

no 

yes 

3/4 

1/4 

1 

1.14 

1 

6 

2.5 

I 

no 

Y«» 

1/2 

1/4 

3/4 

.75 

8-77 

1/8  In. 

6  In. 

1  In. 

3 

no 

ye* 

1/8 

3/8 

1/2 

4.00 

1A 

8 

i 

3 

no 

ye* 

1/4 

1/4 

1/2 

2,00 

3/8 

6 

i 

3 

no 

Y« 

1/4 

1/4 

1/2 

1.31 

l/l 

6 

1.5 

3 

no 

y«« 

1/2 

1/4 

3/4 

1.50 

5/8 

4 

1.5 

3 

no 

Y« 

1/2 

1/2 

i 

1.60 

3  A 

e 

2 

3 

no 

ye* 

3/8 

c 

3/8 

.50 

7/8 

6 

2 

3 

no 

3/4 

1/2 

1-1/4 

1.43 

1 

4 

2,5 

3 

no 

yes 

3/8 

1/2 

7/6 

.87 

P-7* 

1/8  In. 

4  in. 

1  In. 

3 

no 

yes 

1/8 

IA 

3/8 

J.OO 

IA 

8 

1 

3 

no  . 

yo* 

1/4 

3/4 

1 

4.00 

3/8 

4 

1 

3 

no 

ye* 

1/4 

1/4 

1/2 

1.33 

I/I 

4 

i.s 

3 

ro 

ye* 

3/8 

1/2 

3/8 

1.75 

5/8 

4 

1.5 

3 

no 

y«* 

1/2 

1/4 

3/4 

1.20 

3A 

6 

2 

3 

no 

ye* 

1/2 

1/4 

1-1/4 

1.67 

7/8 

6 

2 

3 

no 

ye* 

5/8 

I 

1-5/8 

1.86 

1 

4 

2.5 

3 

no 

y** 

5/8 

1/2 

1-1/8 

1.125 

P-73 

1/8  In. 

6  In. 

1  In. 

3 

no 

ye* 

1/8 

1/4 

3/8 

3.00 

IA 

6 

1 

3 

no 

yet 

1/4 

1/4 

1/2 

2.00 

3/8 

6 

1 

3 

no 

Y*« 

1/4 

1/4 

1/2 

1.13 

1/2 

6. 

1.5 

3 

po 

ye* 

0 

0 

0 

0.01) 

5/8 

t 

1-5 

3 

no 

yo» 

1/2 

1/2 

1 

1,60 

3A 

4 

2 

3 

flO 

5/8 

1/2 

*-1/8 

1.50 

7/A 

A 

* 

re 

-- -- 

Hi 

i.*j 

1 

•  •  j  3 

1 

4 

2.5 

3 

no 

ye* 

5/8 

3/4 

i-i/a 

p-aa 

i/b  in. 

6  In. 

1  In, 

4 

i.O 

y** 

•A 

1/4 

2. CO 

1/4 

6 

1 

4 

nv 

i/2 

7/a 

3.  SO 

3/e 

6 

I 

4 

I'C. 

ye* 

!  /* 

l/L 

3/4 

1/2 

6 

1.5 

4 

3*0 

1/4 

fi 

<  .•  1. 

1  r/ 

5/8 

6 

15 

4 

II U 

ye* 

5/6 

l/s 

7/0 

1  '*0 

3/4 

6 

1 

H 

r.o 

7/8 

6 

2 

4 

llO 

Y  3* 

1/2 

i-  n 

2 

2.J9 

1 

4. 

a. <i 

it 

r- 

l  ,  1 

; :  s/i 

1 .  ;0 

P~ 8*1 

I/O  in. 

^  in . 

1  in. 

4 

’/*« 

: 

1/4 

Vo 

1 .  Of- 

!/'» 

w 

i 

4 

■u 

• 

:/)• 

3/o 

b 

i 

L 

■  lO 

* ce 

!/  i 

!  /-» 

3/*. 

2 .  OG 

1  il 

‘./e 

6 

i.s 

l. 

” 

i . 

1 .  SC- 

3/s 

6 

' 

/Vo 

6 

l 

, 
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TABLE  Jll  (Continued) 


HEAT 

in  lex- 

pCate 

TXper 

UNDER 

RtATE 

EDGE 

SOUND 

TOTAL 

T  « 

NO. 

oIa- 

RISER 

RISER 

SHRINK 

SOUND 

BEYON0 

SOUND 

Tom!  Sound 

NESS 

NETE8 

PI  A.  . 

SHRiiR 

K1SI8 

Tblcknet* 

f'88 

1/8  In 

8  In, 

1  In, 

A 

r.o 

ye* 

i/8 

3/8 

1/2 

4.00 

1/4 

6 

1 

4 

r.O 

ye* 

1/A 

l/A 

1/2 

2.00 

3/8 

6 

I 

A 

no 

yo* 

1/A 

3/8 

7/8 

2.33 

\n 

6 

».s 

A 

no 

ye* 

1/2 

l/A 

3/A 

J.25 

5/8 

6 

1.5 

A 

no 

ye* 

1/2 

0 

1/2 

1.25 

3/A 

6 

2 

A 

no 

ye* 

1/2 

3/A 

1-1 /A 

1.67 

7/8 

.  6 

2 

A 

no 

ye* 

5/8 

1/2 

1-1/8 

1.28 

1 

6 

2.5 

A 

nc 

yo* 

3/A 

1/2 

1-1/4 

1.25 

8-95 

1/6  In, 

8  In. 

1  In. 

P 

yot 

yo* 

i/a 

3/A 

7/8 

7.oo 

1/4 

6 

1 

5 

ye* 

yo* 

l/A 

1/4 

1/2 

2.00 

3/8 

6 

1.5 

5 

no 

ye* 

1/2 

0 

1/2 

1 

1.33 

1/2 

6 

1.5 

5 

no 

y«* 

1/2 

1/2 

2.00 

5/8 

6 

1.5 

5 

no 

ye* 

3/8 

7/8 

1-1  /A 

2.00 

3  /4 

6 

2 

5 

no 

yo» 

1/2 

3/A 

3-  l/A 

1.67 

7/8 

6 

2 

5 

no 

ye* 

5/8 

l/A 

1-1/8 

1.28 

l 

6 

2.5 

5 

no 

ye* 

3/A 

J/A 

1-1/2 

1.50 

P-IOI 

1/8  In 

6  In, 

1  In. 

5 

»•» 

y«» 

1/8 

3/A 

7/8 

7.00 

1/A 

6 

1 

5 

yet 

ye* 

l/A 

l/A 

1/2 

2.00 

3/8 

t 

1.5 

5 

no 

yet 

I/A 

l/A 

1/2 

1.33 

1/2 

b 

1.5 

5 

no 

r« 

1/2 

l/A 

3/A 

1.50 

5/8 

6 

1.9 

> 

no 

ye* 

3/A 

1/2 

1-1  /A 

2.00 

3/*. 

6 

2 

5 

no 

ye* 

3/8 

3/A 

1-1/8 

1.50 

7/8 

6 

2 

5 

no 

yes 

3/A 

1 

1-3/A 

2.00 

1 

8 

2.5 

5 

no 

r«» 

3/A 

l/A 

1-1 /A 

1.25 

t-IOS 

1/8  In. 

6  In, 

1  In. 

5 

/•» 

ye* 

1/2 

1/2 

4.00 

1/4 

6 

1 

5 

»« 

ye. 

l/A 

l/A 

1.00 

3/8 

6 

1.5 

5 

no 

ye* 

1/2 

0 

1/2 

1.33 

1/2 

6 

1.5 

5 

no 

yes 

l/A 

l/A 

1/2 

1.00 

5/8 

6 

1.9 

5 

no 

yk% 

1/2 

1/2 

1 

1.60 

3/A 

6 

2 

5 

no 

y.» 

3/A 

3/4 

1-1/2 

2.00 

7/8 

6 

2 

5 

no 

y«* 

3/A 

3/A 

1-1/2 

1.71 

1 

6 

a 

5 

no 

y.» 

3/A 

3/A 

1-1/2 

1.25 

p—  tip 

1/8  In. 

6  tn. 

1  In. 

6 

no 

ye* 

l/A 

5/8 

7/8 

7.00  . 

1/2 

6 

1 

6 

no 

ye^ 

l/A 

1/2 

3/4 

3.00 

3/8 

6 

1.5 

6 

ni> 

yo* 

1/2 

1/4 

3/4 

2.00 

i/2 

6 

1.5 

6 

no 

yes 

5/8 

l/A 

7/8 

1.75 

5/8 

6 

1.5 

6 

no 

ye* 

5/8 

1/2 

1-1/8 

1.80 

3/4 

6 

2 

6 

no 

ye* 

5/8 

3/A 

1-3/8 

1.83 

7/8 

6 

2 

6 

no 

yet 

3/4 

3/4 

1-1/2 

1.72  1 

1 

6 

2.5 

6 

no 

ye* 

3/4 

l/A 

1 

1.00 

t>-  1 22 

I/O  Ijj 

i/i  ‘"4 

£  l» 

6 

t  1. 

*  »•»» 

1 

c 

6 

no 

»£S 

yes 

I/O 

1/4 

i/2 

$ 

3.00 

3/8 

6 

1.5 

6 

no 

yet 

1/2 

0 

1/2 

1.33 

1/2 

6 

1.5 

6 

no 

ye* 

1/2 

1/4 

3/4 

1.50 

5/8 

6 

1.5 

6 

no 

ye* 

1/2 

get 

1/2 

.80 

3/4 

6 

2 

6 

no 

yes 

1/2 

i'4 

1/4 

1 .00 

7/8 

6 

2 

no 

ye* 

1/2 

1 

:*•!/* 

1.73 

1 

6 

2.5 

6 

no 

ye* 

3/4 

P-128 

1/8  In, 

6  In. 

1  In. 

6 

no 

ye* 

l/A 

1/2 

3/4 

6.00 

l/*» 

i 

1 

6 

no 

ye* 

1/4 

l/A 

1/2 

2.00 

3/8 

6 

1.5 

5 

n<5 

yes 

3/8 

t/A 

5/8 

1.66 

1/2 

5/8 

6 

6 

1.5 

1.5 

6 

6 

no 

no 

yes 

ye* 

1/2 

1/4 

1/2 

3/4 

1/2 

1.50 

.80 

3/4 

6 

2 

6 

no 

Vet 

5/2 

1/4 

1/4 

7/8 

1 

6 

6 

2 

2.5 

6 

2 

no 

no 

y«* 

yet 

3/A 

1/4 

0 

1-1/4 

K67 
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TABLE  J1I  (Continued) 


— 

TlX 

TE 

Under 

Sound 

T* 

Heat 

Ol.i- 

Rl«sr 

Riser 

Plate 

l-.riqu 

B  i  yond 

Total 

Total  Sound 

No, 

ness 

meter 

Ola,  Taper 

Shr Ink 

Shrink 

Sound 

Riser 

Sound 

Thickness 

P143 

1/8  in. 

6 

In. 

i  In. 

7 

yes 

yes 

1/4 

1/4 

1/2 

4.00 

1/4 

6 

i.5 

7 

no 

yes 

1/4 

1/4 

1/2 

2.00 

3/8 

6 

!.$ 

7 

no 

yes 

1/4 

0 

1/4 

.66 

i/2 

6 

2 

7 

no 

yos 

1/2 

5/8 

1  1/8 

2.25 

5/8 

6 

2 

7 

no 

gas 

• 

> 

- 

• 

3/4 

6 

2.5 

7 

no 

gas 

- 

• 

- 

7/a 

6 

2.5 

7 

no 

y.t 

3/4 

3/4 

1  1/2 

I.HO 

1 

6 

3 

7 

no 

no 

- 

I  1/2 

l.5t 

M5J 

1/8  In. 

6 

In. 

1  In. 

7 

yes 

yos 

i/16 

3/8 

5/16 

4.51 

1/4 

6 

.5 

7 

no 

yes 

1/4 

1/4 

1/2 

2.00 

3/8 

S 

.5 

2 

no 

ye* 

1/2 

1/2 

1 

i.o/ 

1/2 

6 

2 

7 

no 

yos 

1/4 

1/8 

3/13 

.75 

5/8 

6 

2 

7 

no 

0«»t 

• 

- 

- 

3/4 

6 

2.25 

7 

f-o 

5/8 

1/2 

i  i/a 

1.50 

7/8 

6 

2.5 

7 

no 

gas 

- 

- 

- 

1 

6 

3 

7 

no 

gas 

' 

- 

- 

• 

H54  1/8  In. 

6 

In. 

1  In. 

7 

nq 

yes 

r/4 

1/4 

1/2 

4.00 

1/4 

6 

1.25 

7 

no 

yos 

gu 

1/4 

1/4 

1  .00 

3/8 

6 

i 

7 

yet 

yos 

3/4 

3/8 

1  1/8 

3.oo 

1/2 

6 

z 

7 

no 

yos 

3/4 

1/2 

1  1/4 

2.50 

5/8 

6 

l 

7 

no 

yos 

i/4 

5/8 

t  3/3 

2.20 

3/4 

6 

2.25 

7 

no 

yes 

5/8 

5/8 

1  1/4 

1.67 

7/8 

6 

2.35 

7 

no 

gas 

- 

- 

- 

I 

5 

3 

7 

no 

no 

' 

- 

1  1/2 

1.50 

Mil 

1/8  In. 

6 

In. 

t  In. 

8 

no 

yes 

l/B 

3/8 

1/2 

4.00 

1/4 

6 

1.5 

8 

no 

VhI 

1/4 

1/4 

1/2 

2.00 

1/8 

6 

1.5 

a 

no 

yos 

1/4 

1/4 

1/2 

1.33 

1/2 

6 

2 

0 

no 

yos 

S'3 

s /i» 

i  wa 

2.75 

5/8 

6 

2 

8 

no 

yes  1 

1/8 

3/8 

1  1/2 

2,40 

3/4 

4 

2.875 

8 

no 

yes 

3/4 

1/4 

1 

1.33 

7/8 

6 

2.5 

8 

no 

yes 

5/8 

3/4  ! 

1  3/8 

1.65 

1 

6 

3 

lid 

no 

- 

-  1 

1  1/2 

1.50 

N62 

1/8  In. 

b 

1  In. 

6 

no 

yes 

3/16 

1/4 

7/16 

3.50 

1/4 

6 

1.5 

8 

no 

yes 

1/4 

3/16 

7/16 

1.75 

>■'8 

t 

I.S 

8 

IIU 

yes 

1/4 

1/4 

1/2 

1.33 

1/2 

6 

2 

a 

no 

•/•>% 

5/U 

3/4  1 

i  3/a 

2.75 

5/8 

6 

2 

8 

no 

yes 

3/8 

1/2 

7/tt 

1.40 

i/4 

6 

2.5 

8 

no 

no 

- 

1 

1  3/4 

2.33 

//0 

6 

2.5 

a 

no 

IMl 

- 

1 

3/4 

2. 10 

1 

6 

1 

8 

no 

no 

- 

1 

1  1/2 

1-50 

Ptfcl 

t/H  In. 

t> 

» r. 

1  .*>  in. 

0 

no 

yes 

IJd9 

I/O 

i/4 

<  .ou 

1/4 

6 

1.5 

8 

no 

yes 

gas 

1/4 

i/4 

1.00 

3/8 

6 

1.5 

ft 

no 

yes 

3/4 

1/2 

1  1/4 

3.33 

1/7 

6 

2 

8 

no 

yos 

3/4 

3/16 

15/16 

1.87 

5/8 

6 

2 

a 

no 

yes 

1/2 

i/4 

1  1/4 

2.00 

3/4 

6 

2.8/5 

a 

r.-j 

t./ft 

3/8 

i 

1.33 

7/8 

4 

2.5 

a 

no 

y.--V 

3/4 

1": 

1  1/4 

1.50 

1 

6 

3 

3 

no 

1  1/2 

1.50 

M77 

1/8  In. 

6 

In. 

1.5  »s. 

9 

>!•» 

yi-s 

3/16 

1/4 

//it* 

1.50 

#/4 

6 

1.5 

9 

WJ 

yeS 

l/'i 

1/4 

i/e 

2.00 

3/8 

4 

!  .5 

9 

Mil 

»-*!» 

i/a 

1 

1  1/U 

3-6/ 

I  7  2 

6 

2 

c 

no 

yes 

7/a 

■  /i. 

1  !/>! 

2./5 

5/8 

6 

2 

9 

.IU 

*es  J 

Kc 

I/U 

1  1/2 

2.40 

3/4 

6 

J.  25 

3 

ftU 

yes 

s/a 

3/4 

1  UH 

1.83 

//a 

4 

2.5 

9 

y«->  I 

J/4 

1  3/4 

2  10 

f 

6 

3 

9 

... 

* 

- 

:  Me 

i .  .0 
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TABLE  Jll  (Continued) 


flAlC  Under  '  ""Swmd  ""  T» 


Meat 

thick- 

■5T 

»- 

Riser 

Riser 

Plate 

Edge 

Beyond  Total 

Total  Sottnt 

No. 

meter 

Ola.  Taper 

Shrink  Shrink  Sound 

Riser 

Sound 

Thickness 

nn 

I/S 

In, 

6 

in. 

1.5  In 

.  9 

ye* 

yes 

IA 

1/2 

3A 

6.00 

1/4 

fc 

1.5 

9 

no 

yes 

IA 

IA 

1/2 

2.00 

3/8 

6 

1.5 

9 

no 

ye* 

I A 

IA 

1/2 

1.33 

1/2 

6 

2 

9 

no 

yos 

5/8 

3/8  1 

2.00 

5/8 

4 

2 

9 

no 

yes 

7/8 

3/8  1 

IA 

2.00 

3/8 

6 

1.25 

9 

no 

ye* 

7/8 

1/2  t 

1/8 

1.81 

7/8 

6 

1.5 

9 

no 

yes 

3  A 

3/4  1 

t/2 

1 .230 

1 

6 

3 

3 

no 

no 

- 

-  1 

i/i 

1.50 

tify 

i/d 

in* 

6 

in. 

t  >n 

.  9 

ye* 

r«» 

1/8 

IA 

3/8 

3.00 

1/8 

6 

1.5 

9 

no 

ye* 

I A 

3/8 

5/8 

1.50 

3/8 

6 

1.5 

9 

no 

yes 

1/1 

IA 

3/4 

2.00 

I/I 

6 

2 

9 

no 

ye* 

3A 

I/I  1 

1/4 

1.50 

5/8 

6 

2 

9 

no 

yes 

J/4 

3A  1 

i  n 

2.40 

JA 

6 

1.15 

9 

no 

y«»  1 

IA 

I/I  1 

3A 

1.33 

7/8 

4 

1.5 

9 

no 

no 

. 

-  1 

3/4 

2.10 

1 

6 

3 

9 

no 

no 

* 

-  1 

1/1 

1.60 

no* 

I/S 

in. 

• 

in. 

1  In 

.10 

yes 

yes 

1/8 

1/4 

5/8 

5.00 

1/4 

6 

1.5 

10 

no 

V«S 

3/8 

1/4 

5/8 

2.50 

3/8 

4 

1.5 

to 

ye* 

r®» 

3/8 

1/2 

7/8 

1.43 

I/I 

4 

2 

10 

no 

yes 

1/4 

3/4  1 

I/I 

3.00 

5/8 

4 

2 

10 

no 

ye*  I 

5/8  1 

5/8 

2.60 

3A 

6 

1.5 

10 

•to 

ye.  1 

1/4  1 

1/4 

1.66 

7/8 

4 

1.5 

10 

no 

yet 

3A 

!/l  1 

1/4 

1.50 

1 

4 

3 

10 

no 

no 

* 

•  1 

I/I 

1.50 

Mia 

1/8 

In, 

,  t 

In. 

1  In. 

10 

yc* 

yc-> 

3/16 

1/8 

9/16 

4.50 

1/4 

6 

1.5 

10 

m» 

yi*s 

1/2 

IA 

3A 

j.oo 

3/8 

6 

1.5 

10 

no 

y«s 

)•  o 

3/8 

"  /M 

1/2 

4 

1.5 

10 

no 

vo»  1 

i  n  i 

1/2 

3.00 

5/8 

8 

2 

10 

no 

yu» 

5/8 

5/8  1 

IA 

2.00 

3/4 

0 

2.5 

10 

no 

n»i 

- 

I 

3/4 

2.33 

//8 

6 

2.5 

10 

no 

ye* 

1/2 

5/8  1 

t/tf 

i  *4 

1 

6 

3 

10 

mi 

no 

- 

1/7 

1.50 

9Vi 

1/8 

in. 

e 

In. 

1.5  In, 

10 

yes 

yos 

1/8 

1/8 

J.0Q 

V* 

4 

1.5 

10 

no 

yw* 

)/a 

3/8 

3A 

3.oo 

1/8 

4 

1.5 

10 

r*« 

ye* 

1/2 

1/8 

7/8 

2.31 

i/a 

4 

2 

ro 

no 

yot  t 

3A  l 

3/4 

3.50 

5/8 

4 

a 

to 

no 

yet 

7/8 

1/2  1 

3/8 

2.ao 

1/4 

4 

2.5 

10 

no 

yes 

5/8  1 

1 

5/8 

2.P 

7/8 

4 

2.5 

to 

no 

yet 

IA 

i/a  i 

1/4 

1.43 

\ 

4 

3 

to 

on 

1.0 

- 

•  t 

i/a 

1.50 

*269 

l/lf 

In. 

4 

in. 

1  in. 

ii 

yc* 

yu» 

IA 

1/2 

3/4 

6.00 

i/4 

4 

1.5 

(( 

no 

yes 

3/8 

1/2 

7/8 

2.76 

J/8 

4 

1.5 

no 

ve» 

‘/? 

i/a  i 

2.66 

1/2 

6 

2 

ii 

no 

JfO*  | 

3/8  1 

3/8 

2  75 

5/8 

6 

2.25 

ii 

no 

• 

1 

7/8 

3.00 

3/4 

4 

2.5 

ii 

no 

»W»  1 

1/8 

3/8  1 

i/a 

2.00 

7/8 

4 

a.s 

M 

no 

yus  1 

1/2  1 

1/2 

1.71 

1 

4 

3 

1 1 

no 

*a» 

- 

- 

- 

nn 

1/8 

*n. 

6 

in. 

i  ■n. 

ii 

yes 

»•»* 

1/16 

IA 

5/16 

2.50 

1/4 

6 

1.5 

u 

no 

yus 

3/d 

IA 

5  A 

2.50 

3/8 

4 

1.5 

» i 

s™ 

/u*  1 

1/2  1 

1/2 

4.00 

l/a 

2 

li 

no 

*■«•*  1 

1/8 

I A  1 

3  *8 

2.74 

5/8 

Vi» 

6 

4 

2.25 
l  S 

if 

nU 

yus 

3A  l 

1 

3A 

a. 80 

7/8 

4 

2.25 

n 

YUS 

yj* 

•  // 

:  A 

A 

.857 

3 

i< 

nc 

no 

* 

*  I 

n 

1.50 

nn 

i/S 

♦  ft. 

* 

i  ^ 

J.5  In. 

12 

r®> 

¥■** 

i/4 

4 

‘.375 

12 

r«s* 

iA 

7/e  ♦ 

I'd 

3/8 

6 

7 

!  2 

"U 

rv»  •. 

;yi. 

5/fc  t 

7.  a 

1/2 

5/8 

4 

4 

2.5 

2.5 

12 

*/ 

no 

i  it 

yet  i 

i-  10 

J/0  i 

•  i 

y/u, 

)/» 

3.13 

>A 

7/0 

& 

6 

2.5 

2.5 

1 1 

12 

no 

z 

' 

I 

1 

3/*. 

JA 

J.U 

3.  If 

4 

3 

12 

»u 

* 

i 

1/2 

1.5-J 

M2 
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TABLE  Ji 2 

FEEDtNG  DISTANCES  IN  TAPERED  RAMMED  GRAPHITE  MOLDS 


—mr~ 

NO. 

- ron — 

THICK- 

ness  meter 

"rTTer 

DM. 

TapTIT 

Hfliofir" 

RISER 

SHRINK 

jiA?r" 

SHRINK 

mi 

SOUND 

SOUND 

BEYOND 

RISER 

JOlAt' 

SOUND 

— n 

Total  Sound 
Thlcknast 

f-90 

1/8  in. 

8  In. 

t  In. 

0 

y«f 

yet 

1/8" 

1/8 

1/4 

2.00 

1/4 

6 

1 

0 

yet 

yet 

1/4 

1/8 

3/8 

1.50 

J/fl 

8 

1 

0 

ynt 

yet 

1/4 

1/4 

1/2 

1.33 

t/t 

6 

*.5 

0 

>** 

yet 

i/4 

0 

1/4 

.50 

S/8 

8 

1.5 

0 

y«» 

yet 

i/2 

3/8 

7/8 

1 .40 

3/4 

8 

2 

0 

y«» 

yet 

1/2 

1 

i-i/a 

2.00 

7/8 

8 

2 

0 

no 

yet 

3/8 

1/2 

5/8 

.71 

1 

6 

2.5 

0 

y«t 

no 

•* 

4-3/4 

HI 

1/8 

6  In. 

1  In. 

0 

yot 

ye* 

1/18 

1/8 

3/16 

1.50 

1/4 

t 

1 

0 

yel 

ye« 

1/4 

1/4 

’/? 

2.00 

3/8 

6 

1 

0 

y«* 

ye* 

1/4 

1/4 

1/2 

1.33 

I  n 

8 

1.5 

0 

yet 

ye* 

1/4 

1/16 

5/16 

.624 

S/6 

6 

1.5 

0 

yet 

ye* 

3/a 

5/16 

11/16 

1.09 

i/k 

« 

i 

0 

no 

yet 

3/8 

1/2 

7/8 

1.166 

7/8 

8 

i 

t 

no 

ye* 

1/2 

3/4 

1-1/4 

1 .43 

1 

6 

2.5 

0 

yet 

«et 

H) 

1/8  In. 

8  In. 

1  In. 

0 

yo9 

yet 

1/8 

1/8 

1/4 

2.00 

t/<i 

8 

1 

0 

yot 

yet 

1/4 

1/4 

1/2 

2.00 

3/8 

6 

1 

0 

yet 

yet 

1/4 

1/4 

1/1 

1.33 

i/a 

8 

1.5 

0 

yot 

Vet 

1/4 

1/16 

5/16 

.624 

5/S 

8 

1.5 

0 

y.l 

yet 

5/a 

S/I* 

5 1/1 C 

1.09 

3/4 

8 

2 

0 

yet 

yet 

3/8 

1/2 

7/8 

1.166 

7/8 

i 

2 

0 

y» 

... 

3/4 

S/16 

1-5/16 

1.50 

1 

( 

2.5 

0 

yet 

yet 

1 

1/2 

l-i/; 

1.50 

1/8  In. 

8  In. 

1  l«. 

1 

yeo 

yet 

3/18 

1/8 

5/16 

2.50 

1/4 

6 

1 

1 

yet 

¥«» 

1/4 

1/4 

1/2 

2.00 

3/8 

6 

1 

1 

yet 

yet 

1/4 

1/2 

3/4 

2.00 

t/J 

8 

1.5 

1 

yet 

yet 

3/8 

1/4 

5/8 

1.25 

5/8 

8 

1.5 

1 

yet 

yet 

1/2 

5/16 

13/16 

1.30 

5/4 

8 

2 

» 

yet 

yet 

5/8 

3/4 

1-3/8 

1.34 

7/S 

8 

2 

1 

yet 

yet 

7/a 

3/4 

1-5/8 

1.86 

1 

8 

2.5 

1 

no 

no 

1-1/2 

1.50 

H? 

1/8  In. 

8  In. 

1  In. 

! 

yet 

no 

3/18 

1/4 

7/16 

3.50 

1/4 

8 

| 

1 

yet 

yet 

1/4 

1/4 

1/2 

2.00 

5/8 

8 

1 

; 

yet 

yet 

3/8 

1/4 

5/8 

1.67 

1/2 

& 

t.S 

1 

*  yet 

yet 

1/2 

3/4 

1-1/4 

2.50 

5/8 

8 

1.5 

1 

Y«* 

>«3 

5/8 

3/4 

1-3/8 

a. 16. 

3A 

8 

2 

I 

nc 

yet 

1/2 

5/8 

1-1/8 

1.50 

7/8 

8 

2 

1 

yet 

ye* 

3/4 

3/4 

1-1/2 

1.50 

1 

6 

2.5 

1 

no 

no 

f-lOJ 

1/8  «n. 

8  fn. 

t  In. 

1 

no 

ye* 

3/16 

1/8 

5/16 

2.50 

1/4 

8 

I 

1 

no 

ye* 

1/4 

l/i 

1/2 

2.00 

7/8 

6 

I 

1 

yet 

ye* 

3/8 

1/2 

/rv 

2.3) 

!/’ 

8 

1.5 

I 

no 

ye* 

1/2 

3/0 

7/8 

1.75 

5/8 

8 

1.5 

1 

yet 

ye* 

1/2 

1/2 

1 

1.60 

5/4 

8 

2 

1 

no 

ye* 

1/2 

1/2 

1 

1.3) 

t/ti 

o 

it 

■ 

7°* 

T*  • 

j/  • 

3/‘: 

•  s/i 

!,’! 

1 

8 

2.5 

1 

no 

no 

<*-109 

5 /f.  in. 

8  In, 

!  In. 

2 

ye* 

ye* 

3/16 

i/8 

5/»6 

2.50 

1/4 

£ 

1 

2 

yes 

y  ** 

i/4 

i/4 

1/2 

2.00 

5/8 

t 

i 

2 

yet 

yas 

1/4 

1/4 

1/2 

1.31 

1/2 

8 

1.5 

2 

yet 

ye* 

3/0 

i/4 

5/8 

».  25 

5/8 

* 

i 

2 

yet 

*/? 

1/2 

l 

1 .60 

3/4 

8 

2 

2 

nn 

«es 

3/4 

3/4 

1-1/2 

2.00 

7/8 

6 

2 

2 

yes 

V!  * 

3/4 

1 

1-1/4 

2.00 

1 

8 

2.5 

2 

f.O 

nr- 

O.i  t 

F-S15 

1/8 

8  In, 

1  In. 

l 

.... 

i/f, 

i ;»« 

{/? 

i*.nn 

1/4 

8 

2 

yj-s 

1/4 

1/1. 

\/2 

2.00 

3/8 

£ 

i 

? 

ye-r 

/«•» 

i  /  *» 

»/4 

*/2 

1-13 

I/S 

8 

1  .5 

j 

Wft 

3/8 

5/16 

i  i/»6 

1  - 17 

5/« 

8 

1  .5 

j 

yt« 

“* 

:/? 

;  /«, 

:  / 

1 . 20 

3/'- 

{, 

2 

> 

//« 

!/? 

1’  3/0 

2.0C 

?.'J 

8 

•» 

j 

5  '1. 

t 

!.>/!. 

■,  uy 
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TABLE  J12  (Continued) 


heat  plate  — — 

HO.  THICK-  OlA-  Riui 
- -812  HETfH  mt 


1/8  In.  6  In. 


woEft  ’Tn>rr^Dcr^s]rir-^jAi: - r. — 

SHMHK  $HR"ni  S°UN#  “«■  *«*  Tot,,  Swnd 

■  ~~ — — - SUil. _  Th'.t;  -TT" 


y«*  i/8 

y»»  i/i, 
v«»  3/8 

T«*  1/2 

T°*  1/2 

v«*  i  n 

T«*  3/4 

nu 

y»*  ,/8 

T°»  3/8 

yo»  1/2 
To*  3/8 
Too  5/8 
T««  3/4 

y«*  3/4 


1/4 

3/8 

1/2 

5/8 

3/4 

7/8 

I 


6  In. 
6 

1.5  In. 

1.5 

1 

t 

no 

y«i 

1/8 

1/4 

« 

1,5 

* 

no 

ye* 

3/8 

1/2 

6 

t 

1 

no 

ye* 

1/2 

1/2 

« 

2 

i 

no 

ye* 

1/2 

1/2 

b 

2*5 

j 

5 

no 

y«* 

1/2 

1/2 

6 

2.5 

5 

no 

ye* 

5/8 

3/4 

6 

1.5 

3 

no 

no 

ye* 

949 

3/4 

1/2 

1/8  In.  i  In, 
1/4  6 

3/8  6 

1/2  & 

5/8  6 

3/4  6 

7/6  6 

1  A 

l/e  in.  6  (•■ 
1/4  6 

3/6  6 

»/2  6 

5/9  & 

3/4  4 

7/8  6 

I  6 


ye* 

1/4 

1/4 

ye* 

3/8 

1/4 

ym 

i/2 

1/2 

ye* 

5/8 

1/2 

ye* 

1/2 

1/4 

V*5. 

5/8 

1/2 

ye* 

no 

1/2 

7/8 

1-1/2 

y«f 

1/4 

3/8 

y«* 

3/8 

1/2 

y«» 

3/8 

1/4 

ye* 

1/4 

1/2 

ye* 

5/8 

3/4 

ye* 

no 

no 

1/2 

1/4 

1-3/4 

ye* 

1/8 

3/8 

ye* 

1/4 

3/8 

V«i 

1/4 

1/2 

ye* 

1/2 

in 

ye* 

1/2 

3/4 

ye* 

5/8 

1/2 

n-j 

3/4 

1/2 
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TABLE  J12  (Continued) 


>LATt 

thick-  dia-  riser 
Jl&s . MTE K  01  A, 


UNDER  PLATE  EDGE  SOUND  TOTAL  r  • 

RISER  SHRINK  SOUND  BEYOND  SOUND  Tota?  Sound 
-SHRINK  _ RISER _ Thickness 


1/8 

In. 

6 

In. 

1.5 

In. 

5 

no 

y«$ 

1/4 

1/4 

1/2 

4.00 

1/4 

6 

1.5 

5 

no 

yo» 

3/8 

1/4 

7/8 

3.50 

3/8 

6 

1.5 

5 

y®» 

y®» 

1/2 

1/2 

1 

2.57 

1/2 

8 

2 

5 

no 

ye* 

3/1* 

5/8 

1-1/8 

2.75 

5/8 

ft 

2 

5 

no 

ye» 

3/*< 

1 

1-1/4 

2.80 

3/4 

8 

2.5 

5 

no 

ye* 

3/4 

3A 

1-1/2 

1.71 

?/a 

6 

2.5 

5 

no 

! 

8 

3 

5 

no 

1/8 

In. 

8 

In, 

1.5 

In, 

5 

no 

ye* 

1/4 

1/4 

1/2 

4.00 

1/4 

6 

1 

5 

no 

ye* 

3/8 

1/2 

7/8 

3.50 

3/8 

6 

1.5 

S 

no 

yes 

1/2 

7/8 

1-1/8 

3.67 

1/2 

8 

2 

5 

no 

yet 

5/8 

3/4 

1-3/6 

2.75 

5/8 

8 

2 

5 

no 

ye* 

3A 

3/4 

1*1/2 

2, 40 

3/4 

6 

2.5 

5 

no 

ye* 

JA 

3/4 

1-1/1 

2.00 

7/8 

6 

2.5 

5 

no 

no 

1 

6 

3 

s 

no 

no 

1/8 

In, 

6 

In, 

1.5 

In. 

5 

■o 

ye* 

i/a 

1/4 

3/8 

3.00 

1/4 

6 

1 .5 

5 

no 

ye* 

3/8 

1/2 

5/8 

2.50 

3/8 

€ 

1.5 

5 

no 

ye* 

1/1 

1/2 

1 

2.57 

1/2 

4 

2 

5 

no 

ye* 

5/8 

1/2 

1-1/8 

2.50 

5/8 

•> 

2 

5 

no 

ye* 

3/4 

1/2 

1-1/4 

2.00 

3/4 

7/8 

►> 

«» 

2.5 

2.5 

5 

5 

no 

no 

Yo* 

S M* 

1/4 

3/4 

1-1/2 

2.00 

1 

l> 

3 

5 

no 

gi* 

1/8 

1/4 

In. 

li 

C 

In. 

1.5 

1.5 

In. 

6 

6 

no 

no 

V«  * 

ye* 

1/8 

J/8 

1/2 

3/8 

SIB 

3/4 

5.00 

3.00 

3/8 

6 

1.5 

6 

no 

yes 

1/2 

1/2 

1 

2.67 

1/2 

6/H 

6 

6 

2 

2 

6 

f. 

no 

no 

ye* 

>#» 

1/2 

5/8 

1/4 

1/2 

1-1/4 

1-1/8 

2.50 

1 .80 

i  ‘4 

c 

i 

0 

no 

gu* 

7/8 

6 

2.S 

6 

no 

9*1  s 

1 

6 

3 

e. 

rtO 

gas 

1*135  i/d  In. 
I/'t 
3/8 
1/2 
S/d 

3/4 

7/8 

I 


Mt»0  l/U 

1/4 

3/8 

i  n 

5/H 

3/4 

7/S 


1  /  M  ■  /  j 

1/2  I 
1/4  J/'i 

5/S  I 


fiv?  i/a 

1/4 

1/8 

I/*’ 

6/e 

J/4 

7/il 

I 


i/e  >/« 

1/tJ  j/4 

I//  i/» 
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TABLE  J12  (Continued) 


PLATE _  Under  Sound  T* 


Heat 
Jt 24. 

Thick- 

ness 

Dla- 

noter 

R  Iser 
Ola. 

River 

T.tper  Shrink 

Plato 
Shr Ink 

Ed«jo 

Sound 

Beyond 

Riser 

Total 

Sound 

total  Sound 
Hi  IckncSS 

FI /I 

1/0  In 

.  6  In. 

1.5  In 

.  7 

no 

yes 

3/8 

3/4  1 

1  1/8 

9.0C 

1/4 

6 

1.5 

7 

no 

yev 

5/U 

1/2  1 

I  1/8 

4.50 

3/8 

6 

1.5 

7 

yes 

yos 

1/2 

7/8  1 

3/8 

2.75 

1/2 

6 

2 

7 

no 

yes 

1/2 

3/8 

7/a 

1.75 

Vd 

b 

2 

7 

yes 

<jas 

- 

- 

~ 

• 

3A 

6 

2.5 

7 

no 

94s 

• 

. 

. 

7/a 

b 

2.5 

7 

no 

94V 

. 

- 

.  > 

. 

1 

6 

3 

7 

no 

no 

-  1 

t/2 

1.50 

P172 

1/8  In, 

.  6  In. 

1.5  In 

.  8 

no 

yev 

3/8 

3/4  1 

1/8 

9.00 

1/4 

6 

1.5 

8 

no 

yes 

3/B 

1  I 

3/8 

5.50 

3/8 

6 

1.5 

8 

yes 

yes 

gas 

1  1 

1/2 

6 

2 

8 

no 

gas 

_ 

- 

5/8 

6 

2 

0 

yes 

qas 

, 

3/4 

4 

7.5 

8 

no 

9.1S 

- 

. 

7/8 

6 

7.5 

8 

nO 

gaS 

- 

- 

- 

• 

1 

6 

3 

0 

no 

gut 

• 

- 

* 

- 

P173 

1/8  In. 

6  In. 

1.5  In 

.  8 

yes 

yos 

)/« 

5/8  1 

8.00 

1/4 

6 

1.5 

0 

no 

yes 

1/7 

jA  1 

1 A 

5.00 

3/8 

6 

1.5 

8 

yes 

vci 

3/H 

5/8  1 

2;A? 

1/2 

6 

2 

8 

no 

gas 

- 

- 

- 

5/8 

6 

2 

8 

yes 

yes 

1/2 

5/8  1 

1/8 

1.00 

3/4 

b 

2.5 

8 

no 

94s 

- 

„ 

7/8 

6 

2 

8 

no 

Oai 

W 

- 

_ 

_ 

i 

t 

3 

8 

no 

gas 

- 

- 

*  * 

* 

PI74 

1/8  In, 

4  In. 

I .5 In. 

8 

no 

yuv 

1/2 

1/2  t 

8.00 

1/4 

6 

1.5 

8 

no 

yes 

1/2 

1/2  1 

4.00 

3/8 

4 

1.5 

R 

yes 

y.s 

5/8 

7/8  1 

1/4 

3.30 

1/2 

6 

2 

8 

no 

94V 

_ 

5/8 

6 

2 

8 

yo* 

g«iv 

. 

- 

_ 

_ 

3/9 

4 

2.5 

8 

no 

gas 

_ 

7/8 

4 

2.5 

8 

no 

gas 

- 

_ 

,  . 

_ 

1 

4 

3 

8 

no 

gas 

- 

- 

‘ 

PI7S 

1/8 

6 

1.5 

9 

no 

yes 

gas  1 

1 

8.00 

1/4 

6 

1.5 

9 

no 

yes 

3/4  | 

1/4  2 

8.00 

3/8 

6 

1.5 

9 

yes 

yes 

1/2  1 

1 

1/2 

4.00 

1/2 

6 

* 

9 

no 

gas 

„ 

_ 

5/8 

4 

2 

9 

yes 

■W 

. 

2 

3.20 

3/4 

4 

2.5 

9 

no 

gas 

7/8 

4 

2.5 

9 

yam 

gas 

. 

_ 

A 

1 

n 

- 

- 

- 

PI  84 

1/8  In. 

4  In. 

1,5  In. 

3 

no 

yev 

yak 

5/8 

5/8 

5,00 

1/4 

6 

1.5 

9 

no 

yes 

1/0 

7/8  1 

Mo 

i/rt 

4 

1.5 

9 

yvs 

y=iS 

1/0 

3A 

7/8 

2.04 

1/2 

4 

2 

9 

Oil 

yu$ 

1/2 

7/0  1 

1/8 

2.75 

5/8 

4 

2 

9 

yes 

V“* 

Ml 

7  it  \ 

3/B 

7  2l» 

U’t 

4 

2.5 

5 

1.0 

no 

- 

_  » 

*/*! 

2.34 

7/d 

6 

2.5 

9 

no 

n-_» 

- 

-  l 

J/4 

2,110 

1 

6 

3 

9 

no 

g.»v 

* 

- 

-  ' 

Plus 

1/8  In. 

6  1  r  . 

1.5  In. 

9 

no 

yes 

5/0 

7/0  1 

1  ft 

iO.OO 

1/4 

4 

1.5 

9 

yes 

yes 

1/4 

7/8  1 

l/B 

4.50 

jTXj 

4 

*  .5 

S 

y . : 

i/i  1 

1  /  c  .  i 

5/a 

4  •>- 

1/2 

4 

7 

3 

r«. 

yiS 

1/4 

5/0 

;/u 

I  7«- 

5/d 

0 

2 

9 

r*=* 

IK. 

- 

l 

3.20 

1/4 

4 

2.5 

9 

M 

!«■» 

- 

l 

3/4 

2.  J4 

7/0 

6 

2.5 

9 

113 

gas 

- 

_ 

. 

C 

3 

5 

ft.. 

•jSS 

- 

- 

- 

- 
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TABLE  J1 2  (Continued) 


PLATE  Under  *  S«"jund  T» 


Heat 

Thick-  d! 

a- 

R  Jser 

Kiser 

Plato 

F.lyo 

Beyond 

Total 

Total  Sound 

No. 

ness 

KOtvJf 

Ola 

T.iper 

Shrink 

Shrink  Sound 

R  Iter 

Sound 

Thickness 

P195 

1/8 

In.  6 

In. 

1.5 

In. 10 

no 

g«i* 

_ 

_ 

1/4 

6 

1.5 

10 

yes 

gdS 

. 

- 

3/8 

6 

1.5 

to 

yes 

9as 

- 

- 

1/2 

6 

2 

10 

no 

gas 

- 

- 

5/8 

6 

2 

10 

yes 

94% 

♦ 

- 

3/8 

* 

2.5 

10 

no 

9-*s 

- 

- 

7/8 

2.5 

10 

yes 

- 

- 

1 

3 

10 

no 

*)41 

- 

- 

PI96 

1/8 

In.  & 

In. 

l.S 

!n.!C 

m» 

yrs 

1/4 

1  1/4 

1  i/2 

10.00 

l/'t 

6 

1.5 

10 

yes 

yes 

2/8 

1 

1  3/8 

5.5C 

3/8 

6 

1.5 

10 

yes 

yes 

1/2 

3/4 

I  i/4 

3.33 

l/J 

6 

2 

10 

no 

yes 

3/8 

1 

1  3/6 

2.75 

5/8 

6 

2 

10 

mO 

gas 

- 

- 

-  .. 

* 

3/4 

6 

2.5 

10 

■  no 

no 

- 

- 

1  )/4 

2.33 

7/8 

6 

2.5 

10 

no 

gas 

- 

• 

- 

- 

1 

4 

J 

10 

no 

no 

* 

• 

1  1/2 

i.50 

P200 

i/8 

In.  «> 

In. 

1.5 

in.  iO 

r.u 

yes 

1/2 

3/4 

1  i/4 

10.00 

1/4 

6 

1.5 

1C 

yes 

yes 

IA 

1 

I  1/4 

6.C? 

3/8 

6 

1.5 

10 

yes 

yes 

1/2 

i  i/a 

2 

5.34 

l/J 

6 

2 

!b 

no 

• 

gas 

1  5/8 

i  5/fi 

3.25 

5/6 

6 

2 

10 

yes 

no 

- 

2 

3.20 

3/4 

t 

2.5 

10 

no 

- 

ges 

1  1/4 

I  1/4 

1.67 

7/6 

6 

2.5 

10 

no 

no 

- 

- 

t  1/2 

1.72 

1 

6 

3 

10 

no 

no 

- 

- 

1  1/2 

1.50 

*275- 

1/8  In.  6 

In.  !.$ 

In.  II 

no 

ye* 

1/16 

3A 

13/16 

6.50 

1 

IA  8 

2 

II 

no 

yo« 

1/8 

1/2 

5/8 

2.50 

3/8  t 

2 

II 

no 

no 

* 

- 

2 

5.34 

1/2  t 

2 

II 

no 

gas 

- 

- 

- 

*275- 

1/8  in.  6 

In.  1.5 

in.  II 

no 

yes 

1/4 

1/2 

3A 

6.00 

2 

IA  6 

2 

1! 

no 

yes 

3/8  1 

1  IA 

1 

5/8 

6.50 

3/8  8 

2 

II 

no 

no 

- 

. 

2 

5.34 

1/2  6 

2 

li 

r"» 

ou 

- 

- 

2 

4.00 

*278 

1/8  In.  6 

In.  1.5 

in,  II 

ye* 

yes 

1/8 

7/3 

1 

8.00 

1/4  6 

2 

u 

no 

yes 

1/4 

3/4 

1 

4.00 

3/8  6 

2 

ii 

no 

ye» 

3/8 

1/4 

1 

2.66 

1/1  6 

2 

M 

y«» 

g.*s 

- 

- 

-  • 

- 

9  V9 

1/8  In.  6 

In.  1.5 

In.  12 

n« 

ye» 

1/2 

1/4 

3/4 

6.00 

IA  6 

2 

12 

yes 

3/8  1 

1/4 

1 

5/8 

6. 50 

3/8  8 

2 

12 

no 

3-M 

_ 

. 

1/2  6 

2.5 

12 

no 

n« 

- 

- 

* 

3.58 

*2/3 

l/f  In.  6 

In.  1.5 

In.  i? 

no 

yea 

»/8  1 

1/4 

i 

3/8 

1 1  .ou 

1 A  6 

2 

12 

no 

ye* 

1/6  1 

l/t 

i 

3/8 

5.50 

3/8  6 

2 

12 

no 

no 

_ 

. 

5.34 

1/2  6 

2  5 

12 

ik* 

»»» 

- 

- 

- 

3.50 

P/8i 

i/6  In.  6 

lii.  jo 

in.  i  J 

>o* 

yc> 

1/4  1 

1 

1/4 

10  Oil 

i  A  6 

i 

12 

mi 

90 

_ 

3/6  6 

l 

i  j 

_ 

i 

5.  ;*• 

t/2  8 

2  5 

U 

no 

3/4 

1/4 

1 

1/2 

3.'" 
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TABLE  J13 

FEEDING  DISTANCE  IN  HEATED  MACHINED  GRAPHITE  MOLDS 


t  tl»  1  tk* 

Wt>»  IWiSS 

ruin. 

Dlj- 

moltir 

Hiker 

Di,» , 

T.ijmr 

ftmUn 

HKc-r 

SUt  Ink 

ri.ue 

Slu  Ink 

'<V 

Wind 

Sou  mi 

Beyond 

lUicr 

Souiul 

T« 

Tot.* !  Sound 
fhlckmtss 

i'imo  l/e 

b 

i. 

0 

no 

yc-, 

i/ib 

1/16 

l/u 

1  /»> 

6 

ft 

yi’5 

l/B 

0 

I/H 

o.M) 

l/u 

0 

yes 

I/'t 

a 

l/'l 

0.66 

i  n 

6 

2 

u 

IK* 

yok 

l/'l 

0 

l/'l 

O.iO 

5/K 

h 

a 

ft 

*M* 

yus 

1/2 

i/« 

'./II 

1.00 

3/0 

2, 

0 

no 

yes 

t/2 

1/6 

i/h 

1. 00 

7/u 

6 

0 

no 

V« 

i/z 

1/6 

i/h 

0.B6 

I 

6 

i 

0 

IH) 

y<:% 

//« 

1/2 

1  i/U 

1.1/5 

I’<t02  1/U 

6 

i, 

0 

no 

ye* 

i/ll. 

0 

1/16 

O.iO 

i/'t 

6 

< 

0 

an 

yijs 

IA 

0 

1/6 

1.00 

J/a 

0 

i. 

0 

no 

yes 

3/U 

ft 

1/U 

1.00 

1/2 

6 

0 

no 

yes 

1/2 

l/U 

•,/u 

1.25 

5/u 

r. 

X 

0 

n«* 

yes 

1/2 

0 

1/2 

11.1)0 

3/'t 

ii 

z 

0 

IK* 

yi-t. 

1/2 

l/'l 

i/h 

1  .00 

//ti 

G 

2J 

0 

no 

yes 

1/2 

l/fl 

5/B 

o.7i 

1 

6 

J 

0 

no 

yes 

i/h 

l/'t 

I 

1,00 

A 10  I/O 

b 

0 

no 

l/U 

0 

l/U 

1  .CO 

l/'l 

6 

< 

0 

no 

yes 

I/'t 

« 

1/'. 

(.00 

i/e 

6 

1. 

0 

no 

yes 

l/U 

I/h 

5/6 

1.66 

1/2 

G 

2 

0 

no 

ytik 

1/2 

0 

1/2 

1.00 

i/8 

b 

2 

0 

no 

ye* 

1/2 

0 

1/2 

o.uo 

l/'t 

6 

2 

0 

no 

yes 

’./fi 

!/'. 

l/H 

1.16 

//« 

G 

2, 

1) 

no 

yes 

1/2 

I/ll 

i/U 

0.71 

i 

b 

1 

0 

*«» 

yes 

i/h 

l/'l 

1 

1.00 

fill.  1/U 

G 

1 

1 

no 

»«•' 

l/U 

1/16 

J/lb 

l.iO 

t  A 

6 

1 

1 

IH* 

Y<* 

</'. 

0 

l/'l 

1,00 

l/u 

6 

1 

I 

IH> 

ye-. 

l/U 

(1 

1/U 

i.oo 

\/t 

4» 

Z 

1 

im> 

yit. 

1/2 

1/1 

1 

2.011 

'./a 

6 

* 

l 

no 

f/2 

l/U 

i/U 

1.00 

i/'t 

6 

/ 

1 

no 

y.  s 

1/2 

ft 

1/2 

CXu 

//.i 

fi 

2. 

l 

no 

y<:,» 

l/'t 

0 

l/'l 

n,w» 

i 

r. 

1 

I 

*»»» 

y.-h 

i/fl 

I/ll 

i/h 

0.7'i 

i-'u i<.  i/h 

f. 

,  J 

1 

yr-. 

u 

1/il 

I/ll 

1.00 

J  A 

(. 

•{ 

1 

!•«» 

y.  s 

t/o 

I/ll 

l/'i 

1.00 

i/U 

I» 

l] 

1 

yv> 

V‘*s 

J/M  ’ 

I /ft 

1/2 

1.11 

\n 

6 

2 

\ 

IH» 

y*** 

l/U 

l/'l 

i/ll 

1.25 

5/B 

c» 

2 

1 

(Ml 

yes 

1/2 

tl 

1/2 

h.m 

I/h 

A 

/■ 

i 

•  Hi 

y.s 

1/2 

I/h 

i/h 

1 ,00 

//It 

h 

/! 

J 

•1«* 

y  •» 

»/ci 

a 

1/U 

o.'u 

t 

«> 

J 

i 

IWi 

y«  * 

#/6 

i/  <f 

*  1/M 

r  .ir'. 

K'r,  l/ll 

ft 

' 

! 

l»»> 

yev 

izu 

ii 

l/H 

)  jHt 

I/'t 

L 

1 

MO 

yes 

l/U 

ft 

I/H 

O.'.ft 

i/ft 

0 

i] 

1 

no 

yi  - 

1/4* 

i/ii. 

J./H. 

o.fti 

1/2 

l. 

z 

1 

i»'» 

y»*« 

i/e 

u 

i  a 

0 .  V’ 

'./a 

u 

z 

i 

in* 

*'■  ■ 

i// 

ft 

1/2 

ft  >  «Ki 

i/h 

it 

2 

1 

i«» 

’/'  • 

f./ii 

1/'. 

//H 

1,1* 

//a 

f. 

l 

IK* 

y.  •. 

> 

l/'l 

1  l/'l 

t.'M 

l 

6 

J 

1 

if 

l  1/' 

1 ,  *,o 
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TABLE  J 1 3  (Continued) 


PLATE 

llndnr 

Sotiiuf 

Heat 

Thick- 

DU- 

Riser 

H 1  s«*t 

PUt.. 

FtJ.j.i 

ileynnd 

Tot.il 

Total  Sound 

Nut 

nesa 

mo  ter 

DU. 

T«ij»or 

bhr Ink 

Sill  Ink 

bound 

K 1  s  u  r 

Sr  Kind 

llllr  klMiSI. 

P477 

1/8 

6 

1) 

i 

no 

yes 

i/'i 

l/l! 

3/8 

}.00 

1/4 

6 

3 

no 

yes 

1/4 

0 

1/4 

1  .01) 

3/8 

4 

l| 

3 

no 

yes 

1/4 

l) 

1/4 

n.u. 

1/2 

4 

2 

3 

no 

yes 

1/2 

1/4 

3/4 

1.24 

4/8 

6 

2 

\ 

yes 

yes 

1/2 

0 

1/2 

U.IKI 

i/4 

4 

n 

3 

no 

yes 

1/2 

1/2 

1 

1.33 

7/8 

4 

n 

3 

no 

y.-s 

1/2 

1/2 

1 

1.14 

1 

6 

3 

3 

no 

yes 

1/2 

1/2 

1 

1  . 00 

P487 

1/8 

6 

'i 

3 

no 

y.s 

1/8 

u 

1/0 

I  .Ilf) 

1/4 

4 

i 

J 

yes. 

yes 

1/4 

l/U 

I/O 

1  .  <-lj 

i/8 

4 

■  I 

3 

ytis 

yeS 

1/4 

3/8 

4/0 

t.i.7, 

1/2 

T. 

l 

3 

no 

y.-s 

1/8 

1/4 

4/0 

1  .  A 

4/8 

4 

l 

3 

n*» 

Y«  * 

1/2 

1/4 

1/4 

1  .  2(1 

3/4 

4 

/i 

3 

no 

yes 

1/2 

3/8 

//M 

1  .  II. 

7/8 

4 

71 

3 

no 

yc-s 

3/4 

1/4 

1 

1.14 

1 

4 

i 

3 

no 

yns 

4/8 

1/2 

1  I/ll 

1 . 1 24 

I’toO 

i/a 

4 

3 

no 

yes 

1/8 

0 

I/O 

1 . 00 

i  A 

6 

1} 

3 

yes 

yes 

1/4 

1/4 

1/2 

l .  01) 

3/ti 

4 

>i 

i 

yes 

y*' 

3/8 

1/8 

1/2 

1 .  il 

1/2 

6 

2 

3 

1*0 

yes 

1/2 

0 

1/2 

1 .  Ill) 

4/8 

4 

2 

3 

yes 

yes 

1/2 

0 

1/2 

0.  Ill) 

3/4 

6 

3 

no 

yes 

1/2 

1/2 

1 

l.ii 

7/8 

6 

4 

i 

no 

yes 

1/2 

l/l 

4/11 

o./l 

1 

4 

7 

i 

no 

yes 

1 

1/2 

1  1/2 

1  .  Ml 

rwt 

i/8 

6 

n 

s 

no 

y«(. 

1/4 

l/t! 

i/U 

J  .  IKI 

1/4 

6 

1 1 

4 

no 

yi-i 

1/4 

l/ll 

i/ll 

1  .  !»|| 

3/13 

4 

i  J 

4 

no 

yes 

1/4 

3/  (I 

4/d 

1 .1.1. 

1/2 

6 

2 

4 

no 

yes 

1/2 

1/4 

i/4 

1 .  Mi 

4/8 

4 

2 

4 

yes 

y.  s 

1/2 

1/8 

4/8 

1 .  uu 

i/4 

r. 

2 

4 

no 

yts 

I/ll 

1/4 

3/8 

0 .  s« 

7/U 

4 

2 

4 

yes 

yes 

3/4 

1/4 

1 

1 .  i'i 

1 

c 

i 

> 

l*u 

r*  » 

i 

3/8 

t  j/u 

1.1/4 

PM'1! 

i/ll 

fm 

1 

4 

n«» 

i/i/ 

l/« 

3/li. 

1A 

4 

'1 

Q 

no 

yes 

1/4 

I/d 

3/8 

1  .  Ml 

l/u 

(, 

it 

4 

«u» 

yes 

Ml 

!  // 

1 

i  l./ 

1/2 

f» 

'i 

4 

y«-s 

Y*!j 

1/2 

1/2 

l 

i .  «jn 

4/8 

6 

2 

1* 

y«-s 

i  •  - 

3/4 

1/8 

;/u 

1  Ml 

i/4 

(a 

2 

!» 

no 

y.-. 

iA 

i/i 

1  1/4 

1  *•/ 

//U 

4 

71 

4 

y.-s 

y 

3/4 

1 A 

l 

1  .  -0 

! 

(. 

< 

3 

no 

V  i  :* 

1  tli 

■  /  2 

i  }  A 

1  .  /•, 

»  j'  . 

l/i» 

u 

‘} 

no 

y.  s 

l/U 

i/n. 

■:,/ 1 1. 

/  Stl 

!  A 

b 

1 

!» 

ii- • 

S 

1  /r» 

ii  *  i 

I/O 

■  |  ‘,1. 

4/M 

i] 

»§ 

«t  » 

>*  > 

t  '*} 

n  .j 

./» 

•»  .  i*i 

Ml 

(j 

'.i 

.... 

i'  • 

!■ 

,/« 

i.  y. 

‘J& 

S 

» 

f! 

*  / -•> 

i  t  '  *i 

/  ii 

i  .it. 

|.**i 

{. 

S 

n 

r' 

1 

1/-. 

i  l/% 

s  *  / 

//U 

«■ 

t. 

4 

i 

/■ 

Y' 

M1-. 

■  •-  i 

i 

i  »». 
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TABLE  J13  (Continued) 


Heat 

Nof 

Thick- 

nest 

PLATE 

b  te¬ 
mpter  . 

Riser 
01*. _ 

Taper 

Kinder 

Riser 

Shrink 

Plate 

Shrink 

Edge 

Sound 

Sound 

Beyond 

Riser 

Tout 

Sound 

T  * 

Total  Sound 
Thickness 

P506 

1/8 

6 

11 

7 

yw 

yes 

1/4 

0 

1/4 

2.00 

1/4 

6 

iJ 

7 

no 

yes 

1/4 

1/2 

3/4 

3.00 

3/S 

8 

ll 

7 

no 

yes 

1/2 

3/4 

I  1/4 

3.00 

1  n 

8 

2. 

7 

no 

yet 

1/2 

1/4 

3/4 

1.50 

5/S 

8 

2J 

7 

no 

yes 

1 

1/2 

1  1/2 

2.40 

3/4 

6 

2j 

7 

no 

yes 

3/4 

1/4 

1 

1.33 

7/S 

8 

3 

7 

no 

yes 

5/8 

1/2 

1  1/8 

1.28 

1 

8 

3 

7 

no 

no 

— 

— 

1  1/2 

1.50 

P$07 

1/8 

8 

I 

7 

no 

yes 

1/4 

1/4 

1/2 

4.00 

1/4 

8 

I 

7 

no 

yes 

1/4 

1/4 

1/2 

2.00 

3/8 

8 

«j 

I 

7 

no 

yes 

1/2 

3/4 

1  1/4 

3.00 

1/2 

8 

2 

7 

no 

yes 

1/2 

1/4 

3/4 

1.50 

5/8 

8 

2 

7 

no 

yes 

3/4 

1/2 

1  1/4 

2.00 

3/4 

8 

f 

7 

no 

yet 

I 

1/2 

1  1/2 

2.00 

7/8 

8 

2j 

[ 

7 

no 

yes 

1 

1/2 

1  1/2 

1.73 

1 

8 

3 

7 

no 

PS 

— 

— 

1  1/2 

1.50 

P508 

1/8 

6 

H 

k 

7 

no 

yes 

1/8 

0 

1/8 

1.00 

1/4 

8 

H 

E 

7 

no 

yes 

1/4 

1/8 

3/8 

1.50 

3/8 

8 

H 

r 

7 

yes 

yes 

3/8 

1/4 

5/8 

1.67 

1/2 

8 

2 

7 

no 

yes 

1/2 

3/4 

1  1/4 

2.50 

5/8 

8 

2 

7 

no 

r«s 

1/2 

1 

1  1/2 

2.40 

3/4 

6 

r 

7 

no 

yes 

3/4 

3/8 

1  1/8 

1.50 

7/8 

6 

r 

7 

no 

.  «S 

7/8 

1/2 

1  3/8 

1.64 

1 

6 

3 

7 

no 

no 

— 

— 

1  1/2 

1.50 

J50 
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TABLE  J14 


FEEDING  DISTANCE  IN  HEATED  RAMMED  GRAPHITE  HOLDS 


Heat 

No, 

P383 


P384 


P385 


P386 


P3«7 


PLATE  tinder  Sound  T* 


Thick¬ 
ness  _ 

Dla- 

Meter 

Riser 

Dla, 

Taper  Riser  Plate 
Shrink  Shrink 

Edge 

Sound 

Beyond 

Riser 

Total 

Sound 

Total  Sound 
Thickness 

(dldn1 1 

1/8 

6 

1 

0 

no 

yes 

fill) 

0 

0 

0 

1/4 

6 

1 

0 

yes 

yes 

1/8 

3/16 

5/16 

1.250 

3/8 

6 

1 

0 

yes 

yes 

1/4 

3/16 

7/16 

1.165 

1/2 

6 

l| 

0 

no 

yes 

1/8 

1/4 

3/8 

.750 

5/8 

6 

li 

0 

yes 

yes 

3/8 

3/4 

l  1/8 

1.80 

3/4 

6 

2 

0 

no 

yes 

1/2 

1/2 

1 

1.33 

7/8 

6 

2 

0 

no 

yes 

5/8  1 

1/8 

1  3/4 

2.00 

1 

6 

2* 

0 

no 

yes 

5/8 

3/4 

1  3/8 

1.375 

1/8 

6 

1 

0 

yes 

yes 

i/16 

1/8 

3/16 

1,50 

1/4 

6 

1 

0 

yes 

yes 

1/8 

3/8 

1/2 

2.00 

3/8 

6 

1 

0 

yes 

yes 

1/4 

1/4 

1/2 

1.33 

1/2 

6 

li 

0 

yes 

yes 

1/8  gas 

5/8 

3/4 

1.50 

5/8 

6 

0 

yes 

yes 

3/8 

5/8 

1 

1.60 

3/4 

6 

2 

0 

no 

yes 

1/2 

1/2 

1 

1.33 

1  /O 

rr  V 

6 

n 

*, 

*> 

M 

yes 

yes 

1/2 

7/8 

1  3/8 

1.57 

1 

6 

2i 

0 

no 

no 

1  3/4 

1.750 

1/8 

6 

1 

0 

yes 

yes 

1/32 

0 

1/32 

.276 

1/4 

6 

1 

0 

yes 

yes 

1/8 

1/4 

3/8 

1.50 

3/8 

6 

l 

0 

yes 

yes 

1/4 

1/4 

1 

2.67 

1/2 

6 

71 

0 

no 

yes 

1/4 

1/4 

1 

2.00 

5/8 

6 

li 

0 

yes 

yes 

3/8 

1/2 

7/8 

1.40 

3/4 

6 

l| 

0 

no 

yes 

1/2 

3/4 

1  1/4 

1.67 

7/8 

6 

2 

0 

yes 

yes 

1/2  1 

1/8 

1  5/8 

1.86 

1 

6 

21 

0 

no 

no 

1  3/4 

1.75 

1/8 

6 

1 

1 

yes 

yes 

0  9 

0 

0 

0 

1/4 

ft 

1 

i 

yes 

yes 

1/16  g 

1/4 

5/16 

1.25 

3/8 

6 

1 

1 

yes 

yes 

1/4  g 

3/8 

5/8 

1.66 

1/2 

6 

H 

1 

yes 

yes 

3/8  g 

i/2 

7/8 

1.75 

5/8 

6 

1 

yes 

yes 

3/8 

i/2 

7/8 

1,40 

5  //. 

//  * 

o 

< 

MV 

»  /O 

1/  •, 

S/0 

j  I  tn 

I  r 

7/8 

6 

2 

1 

no 

yes 

1/2 

1 

1  1/2 

1  « 

1.71 

1 

6 

3 

i 

no 

no 

1  1/2 

1.50 

1/8 

6 

1 

1 

yes 

yes 

0  gas 

1/8 

1/8 

1.00 

i/4 

6 

1 

1 

yes 

yes 

i/8  g 

i/e 

1/4 

1 ,00 

1  <*o 

^1/  U 

; 

! 

yes 

yes 

i/4 

1/4 

1 

2.67 

1/2 

6 

1  i 

i 

yes 

yes 

i/4 

1/2 

3/4 

1.50 

5/8 

ft 

li 

1 

yes 

yes 

1/4 

l/U 

t 

1.60 

3/4 

6 

2" 

1 

no 

yes 

5/8 

ML 

1  I  /« 

1 .50 

7/8 

6 

2 

1 

yes 

no  i 

3/4 

|  3  /!, 

2.00 

1 

c 

2; 

» 

nt* 

no 

i  J/4 

1.75 
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TABLE  J14  (Continued) 


FEEDING  DISTANCE  IN  HEATED  RAMMED  GRAPHITE  MOLDS 


_ _  PLATE _  Under  Spund  T  * 

Heat  Thick-  Dia-  Riser  Riser  Plate  Edge  Beyond  Total  Total  Sound 

No.  ness  Meter  Dla.  Taper  Shrink  Shrink  Sound  Riser  Sound  Thickness 


yes 

yes 

0 

0 

0 

0 

yes 

yes 

I/a  g 

1/2 

5/8 

t.50 

yes 

yes 

1/4 

1/4 

1 

2.67 

yes 

yes 

1/4 

1/2 

3/4 

1.50 

yes 

yes 

1/2 

1/2 

l 

1.60 

no 

yes 

1/2 

1/2 

1 

1.33 

yes 

yes 

i/2 

3/4 

1  1/4 

1.43 

no 

no 

gas 

1  3/4 

1.750 

no 

yes 

gas 

1/4 

1/4 

2.00 

no 

yes 

gas 

1/8 

1/8 

.50 

no 

yes 

1/4  g 

1/4 

1 

2.67 

no 

yes 

3/8  g 

3/4 

i  1/8 

2.25 

no 

yes 

3/8  g 

1/2 

7/8 

1.40 

no 

no 

gas 

l  3/4 

2.34 

no 

no 

gas 

1  3/4 

2.00 

no 

no 

!  i/2 

1 .50 

no 

yes 

gas 

1/4 

1/4 

2.00 

no 

yes 

1/4  g 

1/4 

1/4 

1.00 

no 

yes 

1/8  g 

1/8 

1/4 

1.667 

no 

yes 

3/8 

1/2 

7/8 

1.750 

no 

yes 

1/2 

1/2 

1 

1.60 

no 

yes 

5/8  1 

1  5/8 

2.1? 

no 

no 

gas 

1  3/4 

2.00 

no 

no 

gas 

1  1/2 

1.50 

no 

yes 

gas 

gas 

0 

no 

yes 

1/4  g 

1/8 

3/8 

1.50 

no 

yes 

1/4 

1/4 

1/2 

1.33 

no 

yes 

1/4 

1/2 

3/4 

1.50 

no 

yes 

1/2 

3/4 

1  1/4 

2.00 

no 

yes 

1/2  1 

l  1/2 

2.00 

no 

no 

gas 

1  3/4 

2.00 

no 

no 

gas 

1  1/2 

1.50 

no 

yes 

1/2  g 

1/2 

1 

8.00 

no 

yes 

1/4  g 

1/4 

1/2 

2.00 

no 

yes 

1/2 

5/8 

1  1/8 

i.uo 

no 

yes 

1/2 

3/4 

1  1/4 

2.50 

yes 

1/2 

1/2 

1 

1.60 

no 

no 

gas 

1  3/4 

2.80 

no 

no 

gas 

1  3/4 

2.34 

no 

no 

gas 

1  1/2 

1.50 
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TABLE  J14  (Continued) 


FEEDING  DISTANCE  IN  HEATED  RAMMED  GRAPHITE  MOLDS 


PLATE _ 

Dla-  Riser 
Meter  Dla, 


_  Under 

Riser  Plate  Edge 
Taper  Shrink  Shrink  Sound 


Spund  T* 

Beyond  Total  Total  Sound 
Riser  Sound  Thickness 


P393  1/8 

1/4 
3/8 
1/2 
5/8 
3/4 
7/8 
i 

P394  1,  ; 

1/4 
3/8 
1/2 
5/8 
3/4 
7/8 
1 

P395  1/8 

1/4 
3/8 
1/2 
5/8 
3/4 
7/8 
1 

P396  1/8 

1/4 
3/8 
i/2 
5/8 
3/4 
7/8 

i 

P39/  1/8 

1/4 
3/8 
1/2 
5  /H 
3/4 
7/8 
I 


6  li  5 

6  li  5 

6  1^5 

6  2  5 

6  2  5 

6  24  5 

6  5 

6  3  5 

6  1;  r  5 

6  I;;  5 

6  IJ  5 

6  2  5 

6  2  5 

6  24  5 

6  2|  5 

6  3  5 

6  1J  7 

6  11  7 

6  lj  7 

6  2  7 

6  2  7 

6  24  7 

6  2j  7 

6  3  7 

6  14  7 

6  i.r  7 

6  7 

6  2  7 

6  2  / 

6  2}  7 

6  21  7 

6  3*  7 


6  14  7 

6  if  7 

6  I* 

6  2  7 

6  2  7 


no 

yes 

0  g 

i/4 

i/4 

4.00 

no 

yes  . 

1/4 

9 

3/8 

5/8 

2.50 

yos 

yes 

1/4 

9 

1/4 

1/2 

1.33 

no 

yes 

3/8 

3/4 

1  1/8 

2.25 

no 

yes 

1/2 

3/4 

1  1/4 

2.00 

no 

yes 

1/2 

1 

1  1/2 

2.00 

no 

no 

1  3/4 

2.00 

no 

no 

1  1/2 

1.50 

no 

yes 

qa» 

1/2 

1/2 

4.00 

no 

yes 

i/4 

9 

1/2 

3/4 

3.00 

yes 

yes 

1/4 

1/4  g 

1/2 

1.37 

no 

yes 

1/2 

3 

3/4 

1  1/4 

2.50 

no 

yes 

7/8 

3/4 

l  5/8 

2.60 

no 

no 

I  3/4 

2.34 

no 

no 

1  3/4 

2.00 

no 

no 

1  1/2 

1.50 

no 

yes 

9<*i 

0 

0 

iiO 

V«* 

•  /$ 

1 

3/4 

i  7/6 

7.50 

no 

yes 

1/4 

3/4 

1 

2.67 

no 

gas 

3/16 

1/4 

7/16 

.875 

yes 

gas 

1/8 

3/4 

7/8 

1.40 

no 

gas 

1/4 

Z 

2.67 

no 

no 

1  3/4 

2.00 

no 

no 

1  1/2 

1.50 

no 

yes 

1/16 

3/8 

7/16 

3.50 

no 

yes 

G 

1/2 

1/2 

2.00 

yes 

yes 

1/8 

1/2 

5/8 

1.67 

no 

yes 

1/2 

1/4 

3/4 

1.50 

no 

gas 

no 

(JdS 

no 

no 

gas 

iTO 

yes 

0 

1/4 

1/4 

2.00 

no 

Vt** 

n 

3/4 

t  /u 
**  » 

1  nr\ 

J  .  wu 

yes 

yes 

1/2 

3/4 

!  1/4 

3.34 

no 

g/j  s 

no 

no 

2 

3. 

i|v> 

Cz% 

no 

n  > 

1  3/4 

2.00 

no 

no 

i  ?  /  2 

i .  50 

7 

7 
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TABLE  JI5 

FEEDING  DISTANCE  IN  CENTRIFUGED  DISCS 


HEAT 
.  NO. 

PLATE 

THICKNESS  DIAMETER 

RISER 

SIZE 

EDGE 

SOUND 

SOUND 

BEYOND  TOTAL 
RISER  SOUND 

T  = 

Total  Sound 
Thickness 

RPM/G'S 

P-80 

1/2 

6 

1 

3/16 

1/4 

7/16 

0.875 

900/200 

1/2 

6 

1 

1/4 

1/4 

1/2 

1.000 

1/2 

6 

1 

3/16 

1/4 

7/16 

0.875 

1/2 

6 

1 

3/16 

1/8 

5/16 

0.630 

P-81 

1/2 

6 

1 

1/4 

5/8 

7/8 

1.750 

900/200 

1/2 

6 

1 

3/16 

1/4 

7/16 

0.875 

1/2 

6 

1 

3/16 

5/16 

1/2 

3  AAA 

t  »VUU 

1/2 

6 

1 

3/16 

1/4 

7/16 

0.875 

P-83 

1/2 

6 

1 

1/4 

5/8 

7/8 

1.750 

900/200 

1/2 

6 

1 

3/16 

1/6 

7/16 

0.875 

1/2 

6 

I 

3/16 

1/4 

7/16 

0.875 

1/2 

6 

1 

3/16 

5/8 

13/16 

1.625 

P-85 

1/2 

6 

tj 

Gas 

5/8 

5/8 

1.250 

900/200 

1/2 

6 

1 

0 

1/4 

1/4 

0.500 

1/2 

6 

1 

Gas 

5/16 

5/16 

0,630 

1/2 

6 

l\ 

Gas 

1/2 

1/2 

1.000 

P-86 

1/2 

6 

H 

1/4 

1/4 

1/2 

1,000 

900/200 

1/2 

6 

i 

■ 

3/16 

1/4 

7/16 

0.875 

1/2 

6 

i 

3/16 

1/4 

7/16 

0.875 

1/2 

6 

1/4 

1/4 

1/2 

1.000 

P-99 

1/2 

6 

n 

‘ 

3/16 

1/4 

7/16 

0.875 

1300/325 

1/2 

6 

i 

1/4 

1/4 

1/2 

1 .000 

1/2 

6 

h 

1/4 

1/4 

1/2 

1.000 

1/2 

6 

H 

1/4 

1/4 

1/2 

1.000 
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TABLE  J16 


RESULTS  OF  TENSION  FATIGUE  TESTS  TO  ESTABLISH  CHEMICAL  REMOVAL  REQUIREMENTS 


SPECIMEN 

CONDITION 

MAXIMUM 

STRESS,  PSI 

CYCLES  TO 
FAILURE 

A*  Cost  end 

75,000 

101,000 

Abrasive  Blast 

75,000 

82,000 

Cleaned 

75,000 

92,000 

75,000 

151,000 

65,000 

1,165,000 

60,000 

1,546.000 

60,000 

17024,000 

60,000 

129,000 

.G05"  Per 

75,000 

61,1*10 

Surface 

75,000 

1 14,  mlO 

Chemically 

75,000 

35,000 

Removed 

75,000 

88,000 

65,000 

66,000 

65,000 

177,000 

65,000 

?os.nno 

55,000 

i,  026,  000 

.010"  Pei 

75.000 

83,000 

Surface 

75,000 

74,000 

Chemically 

75,000 

127,000 

Removed 

75,000 

213,000 

65,000 

170,000 

65,000 

182,000 

65,000 

95,000 

65,000 

1,072,000 

.015"  Per 

85,000 

724,000 

W  face 

85,000 

251,000 

Chemically 

75,000 

297,000 

Removed 

/3,LH» 

»  ftArt 

i  yj,  ww 

75,000 

744,000 

75,000 

1,013,000 

65,000 

lt 252, 000 

65,000 

1,561,000 

Underlined  values  were 

nor  failures. 

p  _  Minimum  Sf:est 
Maximum  Stress 
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TABLE  J17 


MECHANICAL  PROPERTIES  OF  AS-CAST  TI-6AI-4V 


Heat 

Number 

Ultimate 
Tens  1 le 
Strength 
KSI 

Yield 

Strength 

KSI 

(.2%) 

Elongation 

In  40 

Per  Cent 

Reduction 
in  Area 

Per  Cent 

Notch 

Tens  1 le 
Strength 
KSI 

Brine) r 

Hardness 

Number 

P2-7 

119.8 

108* 

4 

9.2 

-7 

152.3 

127.1 

12 

22.6 

P4-8 

156.1 

not  obtained 

1) 

22.6 

-8 

140.1 

1 10* 

10.5 

15.5 

P6-5A 

216.85 

-SB 

210.4 

-5C 

216.85 

-6 

141.6 

124.7 

12 

24 

P7-4 

144.85 

128.4 

9 

18 

144.5 

128.2 

11 

21 

143.7 

130.9 

9.5 

12 

144.85 

128.4 

9 

18 

144.5 

128.2 

11 

■21 

143.7 

130.9 

9.5 

12 

P7-2G 

213.55 

-2H 

215.15 

-21 

215.2 

P9-2 

145.9 

131.35 

9 

12 

145.55 

131.4 

9.5 

19 

144.9 

132.5 

9.5 

18 

PIU-2 

150.6 

131 

10 

20 

PI  1-2 

144.5 

120,5 

8.5 

17 

PI  2-1 

148.65 

136.15 

6.5 

10** 

PI3-1 

144.5 

133.65 

10 

18 

PI4-I 

148.15 

136.05 

10 

15 

PI5-I 

138.25 

127.15 

10 

25 

PI6-1 

143.9 

131.65 

8 

18 

PI7-I 

141.6 

126.7 

5 

6 

PI8-2 

149 

130.5 

8 

13 

PI9-5 

130.9 

1 12,6 

10 

27  (off  analysis) 

P20- 1 

143.0 

120 

12 

21 

P23-I 

144.8 

132,3 

9 

18 

P27-2B 

147 

135.5 

9 

15 

P29-2 

149 

Poor  Curve 

9 

10 

P30-2 

150.5 

137.25 

9 

15 

P31-6 

147.2 

130.1 

7 

20 

P32-2 

149.9 

133.2 

5 

7 

P14-2 

151 .45 

ITH.24 

9.5 

18 

P35-2 

144.5 

127.35 

13 

23 

P36-2 

150.2 

133.3 

5 

13 

P37-2 

*51 

133.3 

0 

i5 

P40-3 

153.1 

142 

8.5 

16 

P4I-2 

152.9 

145.7 

8 

17 

P42-2 

146. 1 

132.8 

13 

20 

*Flaw  at  fracture 
-••Broke  out  of  gage  length 
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TABLE  J1 7  (Continued) 


MECHANICAL 

PkuFlBT 1 ES  OF  AS- 

►CAST  TI-6A1 -hV 

UK  iiMtite 

Yield 

Notch 

Tens  1 le 

Strength 

Elongol  ion 

Keduc  t lun 

Tens  1  le 

Brine! I 

Heat 

Strength 

KS 1 

in  40 

In  Area 

Strength 

Hardness 

Number 

_ Kbj _ 

(-24) 

_ _ Per  Cent 

Per  Cent 

KS  1 

Number 

P43-2 

140.9 

6.5 

13 

P45-2 

!4i5J 

130.8 

1  1 

22 

P4/-2 

154.7 

143.5 

12 

20 

p'm-2 

15*1.3 

141 .8 

12.5 

18 

P'jO-2 

150 

134.95 

12 

18 

P5I-2 

152.8 

137.15 

1  2,5 

18.5 

334 

P53-2 

152.6 

139.1 

o 

15 

324 

PS4-2 

152.9 

143.2 

9.5 

14 

324 

P56-2 

155.5 

129.4 

12 

25 

321 

P57-3 

155 

128.8 

10 

19 

321 

P63-2 

159.2 

135.8 

>0 

16 

321 

P/0-2 

158.9 

135.7 

15 

23 

337 

P/l-2 

151.9 

138.3 

a 

12 

P73-3 

156.5 

143.2 

12 

18 

P/6-2 

138.5 

124 

8 

20.4 

317 

P78-2 

1.56.5 

138 

7 

!6 

343 

PI  00-2 

155.8 

13/. 6 

7 

17 

348 

P 101- 1 

15/ .2 

121 

9 

15.1  - 

->*»A 

PI02-2 

152.8 

125.2 

9 

22 

345 

PI  04- 2 

1 56 .8 

130 

9 

22 

348 

pioa-3 

155 

I2/.6 

/ 

19.4 

337 

pi  i;,-3 

155 

12/.  2 

3 

26.5 

317 

PI 19-2 

156.5 

128.4 

8 

19.4 

344 

PI  29-2 

151.6 

135 

8 

24.1 

334 

P 1 3 1-2 

152.8 

124.4 

9 

18.9 

317 

P 1 32-2 

158 

143 

7 

18.1 

338 

PI  37-2 

155 

125 

6 

15.1 

314 

PI  42- 2 

156.0 

1 34 

8 

17.6 

344 

PI  55-2 

146 

126 

3 

10 

308 

PI  56-2 

1  ‘.2.4 

138 

8 

14.2 

324 

H57-2 

159.2 

132 

7 

13.4 

317 

PI  58-1 

141.6 

124 

8 

1/ 

317 

PI  59- 2 

145.6 

128 

9 

15.1 

311 

PI86-2 

134.5 

118 

8 

9.7 

302 

P  I‘J5-I 

142 

124 

/ 

11.5 

305 

P 197-1 

132 

1  16 

7 

13.1 

285 

PI98- 1 

142 

124 

A 

10.5 

321 

P 199-2 

144 

125 

0 

15.  i 

311 

P20I-2 

140 

120 

/ 

■  >  i 

iio 

P2U6-3 

138.4 

121 

8 

'5.9 

299 

P2I0-I 

148 

131 

9 

14.5 

3)1 

P2I i-l 

142 

124 

5 

15.1 

305 

P2I/-I 

145.2 

12/ 

8 

10 

296 

P2IO-I 

144.2 

126 

/ 

16.7 

314.  J 

P2c0-I 

148 

129 

H 

14.5 

3  05 

P  2  2  1  -  1 

136 

lib 

4 

/.A 

299 

P 2 24-1 

i  4o 

1  21, 

A 

lu.;. 

308. 3 

P/-’5-l 

150 

1  32 

/ 

In 

t  4 ; 
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TABLE  J17  (Continued) 


Heat 

Number 

U1  tlmate 
Tens  I le 
Strength 
KSI 

MECHANICAL  PR('!li\T1ES  OP 

Vleld 

Strength  Elongation 

KSI  in  4D 

(.2%)  Per  Cent 

AS-CAST  T1-6A1-4V 

Reduction 

In  Area 

Per  Cent 

Notch 

Tens  1 1  e 
Strength 
KSI 

Brine!! 

Hardness 

Number 

P240-I 

148 

130 

8 

12.9 

308 

P  241-1 

as 

8 

13.5 

299 

P 242-1 

Wm  ■■  1  %% 

8 

12.9 

296 

P243- 1 

mm 

5 

14.5 

3  1 1 

P244-2 

141.2 

124 

5 

13.4 

311.6 

P 246-1 

139.6 

121 

8 

15 

311.3 

P  247-1 

145.2 

128 

8 

14.5 

305 

P 248-1 

144 

126 

8 

14.5 

308 

P250-I 

140 

122 

1 

11.5 

293,6 

P 260-1 

146 

127 

6 

8 

296 

P261-1 

146 

129 

8 

13.5 

317.6 

P264-1 

146 

130 

6 

4.9 

321 

P265-1 

143.2 

126 

4 

•  9.7 

311 

P2al-1 

144 

126 

10 

15 

316 

P 284-1 

144 

126 

7 

18.1 

308 

P286-I 

138.4 

121 

7 

12.7 

308 

P 250-1 

143.6 

132 

9 

19.4 

317.6 

P291-I 

138 

120 

9 

17.5 

311.3 

P304-1 

146.2 

131 

7 

13.5 

321 

P305-1 

148 

131 

7 

10 

324.3 

P306-I 

146 

128 

7 

10 

308 

P307-1 

146.8 

130 

8 

15.9 

305 

P308- 1 

146.8 

130 

6 

11.5 

317.6 

P309- 1 

152 

134 

7 

1.3.5 

317.6 

P312-2 

146.8 

132 

8 

14.2 

221 

P314-I 

146,4 

130 

8 

12.9 

^  *  • 

P322-1 

P323-I 

146 

144.8 

129 

128 

9 

9 

15. 1 

13.4 

J  Jyj 

331 

321 

P324- ! 

152 

135 

■? 

12,7 

P328-1 

142 

124 

9 

12.7 

■*1  ! 

P329-1 

142 

124 

7 

8. 1 

r»  1  1 

P330-2 

148 

132 

9 

14.5 

j  * ; 

9 1 

P333-I 
P336- l 

P 340-1 
P343-1 
P345-3 
P346-2 
P360- 1 

140.4 

144 

145.2 

150 

143.8 

140.2 

149.6 

122 

137 

130 

135 

128 

122 

132 

9 

8 

7 

7 

6 

7 

l 

15.9 

15.1 

12.7 

16.7 

8.9 

15.1 

10  5 

JS  fc  i 

302 

326 

327.2 

324.3 
317.6 
311 

P 364-1 
. 

146.8 

131 

7 

13.5 

327.2 

1QC 

1  juj- I 

P366- 1 

■  50 

143.6 

134 

128 

f 

8 

12.2 
|f  1 

}U 

P367-1 

150 

134 

6 

lo.6 

3»l 

F36«- 1 
P363-1 
P370-I 

P37I 

P373 

P374 

P570 

153.6 

148,4 

150.8 

146.8 

151.2 

150.8 

1 1.*'.  n 

136 

*33 

134 

131 

1 32 

135 

1  If. 

6 

7 

7 

? 

7 

f, 

10.6 

12.9 

12-7 

8.9 

12.2 

10.6 

31 1 

327.6 

317.6 

314.3 

331 

324.3 
317.6 

/ 

3 . 2 

334.3 
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TABLE  J17  (Continued) 


MEGHAN  I  CAL  PflGPEP.T  I ES  OF  AS-CAST  T1-6A1-4V 


Heat 

Number 

Ultimate 

Tensile 

Strength 

KSI 

Yield 

Strength 

KSi 

A.U) 

Elongat  ton 

In  4D 

Per  Cent 

Reduction 
in  Area 

Per  Cent 

Notch 

Tens  1  le 
Strength 
KSI 

Brlnel l 

Hardness 

Number 

P380-I 

154 

137 

7 

8.6 

331 

P381-I 

151.6 

134 

7 

10 

331 

P382-1 

152 

135 

7 

14.5 

331 

P398-I 

150.4 

134 

7 

11.5 

321 

P399  1 

140.4 

123 

7 

12.9 

302 

P40I-1 

150 

130 

6 

12.9 

311 

P403-1 

150 

133 

5 

10.5 

321 

P404-1 

148 

132 

6 

14.5 

3H.3 

P405-I 

154.8 

137 

8 

12.2 

327.6 

P408-I 

150 

134 

7 

13.5 

327.6 

P41I-I 

147.2 

129 

4 

10.5 

324.4 

P4I2-1 

150 

132 

6 

15.1 

331 

P4U-I 

139.6 

120 

8 

16.7 

314.3 

P4I4  I 

150 

132 

8 

16.7 

317.6 

P418-I 

146.8 

128 

8 

.  16.7 

321 

P419  1 

153.6 

135 

6 

13.5 

337.6 

P420  1 

142 

122 

8 

21.7 

321 

P421-1 

141 .6 

122 

8 

14.2 

3  i  I 

P422-I 

152 

133 

9 

18.1 

324  3 

P423-1 

146 

130 

9 

17.5 

308 

P51I-I 

146 

131 

8 

12.9 

311 

P5I2-I 

152 

134 

7 

13.5 

324.3 

PS24 

153.2 

137 

7 

13.5 

331 

P525 

144.4 

128 

8 

18.1 

P526 

153.6 

135 

7 

13.5 

331 

P528 

147.2 

131 

7 

H.5 

311.3 

P529 

149.2 

132 

8 

15.1 

324.3 

P&30 

147.2 

130 

8 

11.2 

324 

P53I 

148.2 

130 

7 

12.2 

317.6 

P532 

147.2 

129 

9 

19,4 

327.3 

P534 

150 

132 

7 

18.9 

331 

P535 

146.4 

128 

7 

17.5 

331 

P536 

152 

132 

8 

10.6 

P538 

152.8 

133 

9 

15.1 

—  *.«* 

P539 

150 

132 

7 

18.1 

37\ 

P540 

147.2 

130 

6 

11.5 

31*1.4 

P54I-1 

148.4 

132 

8 

13.4 

321 

P  542-1 

146.8 

130 

7 

18.1 

305 

P 943-1 

150 

133 

6 

12-7 

32/.  3 

P546-I 

143.6 

126 

5 

12.2 

306 .  5 

P54B-! 

I50 

134 

/ 

i3.4 

3 16 

P549 

165.2 

145 

H 

13.4 

31 1 

P35I 

145.6 

128 

7 

14.5 

316 

P552 

146.2 

130 

8 

15.9 

331 

P554 

146.2 

129 

8 

14.5 

316 

P555 

148 

129 

10 

H.J 

302 

P55? 

14m.  a 

131 

)  1 

21.7 

302 

P558-1 

148 

129 

8 

17.5 

2‘J2 

PS59 

P562 

149.2 

155.2 

131 

136 

9 

9 

17.8 

17.5 

363 

311 

P56-0 

154 

134 

13 

22.4 

331 

' 

C  *  J 

i  » 

i  *  / 

i'6 
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TABLE  JI7  (Continued) 


MECHANICAL  PROPERTIES  OF  AS-CAST  TI-6AI-4V 


Ultimate 

Yield 

Notch 

Tens  1 le 

Strength 

Elongation 

Reduct  Ion 

Tensile 

Brine] 1 

Heat 

Strength 

KSI 

In  40 

In  Area 

Strength 

Hardness 

Number 

KS1 

mUEMm 

Per  Cent 

Per  Cent 

KSI 

Number 

P564 

144.8 

130 

9 

16.4 

P566- 1 

192.4 

136 

6 

10.5 

P568-1 

143.6 

128 

8 

17.0 

P575-1 

150 

134 

7 

15.9 

P570 

143.2 

126 

7 

16.4 

P57I 

146.8 

129 

8 

15.9 

P572 

143.6 

126 

8 

14.2 

P573 

146.4 

i30 

6 

16.4 

P574 

(45.2 

130 

5 

12.2 

P>/6 

147.2 

131 

7 

11.2 

P577-1 

142.8 

122 

13 

27 

302 

one  1 
'  xu  * 

1 7.0  o 

l-TU.U 

128 

o 

19.4 

3H 

P580-I 

146.4 

128 

n 

21 

311 

P58I-I 

144 

124 

10 

20.4 

302 

P582-I 

135.6 

118 

10 

18.1 

P584- 1 

146.8 

124 

10 

19.7 

302 

P585- 1 

158 

138 

9 

19.7 

331 

P586-I 

146 

128 

8 

15.8 

302 

P586-I 

148.8 

130 

9 

10 

302 

P5H6-IA 

146.4 

128 

9 

18.1 

302 

P586-  2A 

146.8 

128 

9 

20.5 

293 

P587- I 

158.8 

137 

7 

13.5 

321 

P58b- 1 

152 

132 

9 

16.7 

311 

P589-I 

152.4 

129 

9 

15.9 

P 590-1 

!6o 

138 

in 

21 

P59I-1 

154.8 

134 

8 

15.1 

P592-! 

I6d.8 

146 

5 

10.5 

P593-I 

154.8 

134 

11 

20.8 

PS95- ! 

156.4 

1 36 

a 

15.9 

P598-J 

162.4 

l4o 

8 

15.1 

P 599-1 

156 

136 

10 

15.9 

P604- I 

150 

130 

8 

16.7 

311 

P60R-3 

151.2 

132 

9 

13.5 

331 

P609-1 

152.8 

136 

9 

18.1 

P6I0-I 

144.8 

123 

9 

18.1 

P6II-I 

150.4 

130 

9 

21 

P6I2-I 

150.8 

132 

1 1 

24.8 

P6I3-1 

143.2 

128 

9 

17. 9 

P6i4-i 

151.2 

128 

9 

18.3 

P6I7-1 

198. 8 

130 

11 

7U  A 

roid- i 

IW 

128 

li 

23.7 

P6I9-I 

142.2 

120 

1 1 

24.6 

P620-1 

141  .8 

!  20 

li 

23.7 

P62I-3 

151.2 

129 

io 

20.6 

P6Z2-3 

i4?.2 

123 

13 

1  ! 

26. 1 

P623-3 

14/. 8 

125 

21.7 

p  62':-  3 

*54.8 

132 

5 

17.5 

P62S-3 

150 

125 

12 

2?.2 
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TABLE  J19 

MECHANICAL  PROPERTIES  OF  HEAT  TREATED  CAST  TI-6AI 


Y  i-e  1 

U)  l  hn.it  e 

Heat 

Sit 

Tens i le 

tltingaT  Ion 

Keduct ion 

Notch 

Jteat  I  reaUuen  t 

AS  I 

Slrennlti 

In  40 

ito. 

c«) 

KS  | 

Per  Cent 

.  f?i.  Cent 

K5) 

n 

As  C*is  t 

14*.  1 

124.1 

IWf- 1/2HR-WU 

*  1  750-  1  /2HK-  Wllr  1 0U0F-6HK-  AC 

166.1 

156.7 

3 

5.0 

PIO 

I900F- 1/2HH-Wa 

♦  I750I- l/«ift-l *i  ••  ••  >• 

174. 1 

16/. 6 

2 

l/!iOI-i/2HH-WQ  "  •• 

173. 2 

16/./ 

6 

As  Cast 

i*6.e 

160.6 

7 

t*.o 

PU 

As  Cast 

144.0 

12/,  2 

1) 

1900F-  i  /ZKK~  Wtl4  1  /*0F-  I  /ZIIK-WQ 

♦ 1  no-  1  /2HK-WU-.  1000F-6KK-  AC 

164.6 

151.6 

4 

1 750F-  1  /«IR-UaHOOOF-l»HH-At 

162. 7 

150.6 

4 

6.0 

P41 

"*  OIK  "  ■■  HIIK  >• 

>79.1 

176.3 

0 

n 

"  16HK  ••  ••  26HK  •• 

176.9 

175.9 

0 

0.9 

** 

As  Cast 

152.9 

165.7 

b 

17.0 

” 

16501- 2IIK-WQ.  IOUOF-  26HR-AC 

>77.3 

1/1.3 

1 

4.4 

"  16IW  "  "  8HR  " 

162.9 

173.6 

l 

3.7 

K62 

As  Cast 

146.1 

132. B 

13 

2,0 

" 

1  750F- 2l(K-WUt  IOOOF-26MH-AC 

171.9 

161.7 

3 

/.6 

" 

”  I6HH  *•  ■■  HIM  •• 

1/2.0 

I6i  .9 

3 

6,7 

" 

1650F-2IIR  . . 

168.3 

158.6 

2 

8.7 

" 

"  I6HR  "  ■■  /IRIK  >’ 

166.6 

159.5 

2 

4.2 

11 

1500F-2HH-FCE  Cuul  to 

AC  164.  !> 

135. B 

7 

13.6 

H»| 

•  »•  l<  II  •«  l| 

•  162.7 

152.3 

7 

(3.6 

" 

l6UOF-2HR-WUr  9UUF-2MK-AC 

1/6.0 

165.6 

3 

3.6 

W.3 

. .  4i;tt 

I/I 

0 

l.o 

" 

. .  aiw  •* 

176.5 

0 

1.6 

P4D 

it 

As  Cdb l 

1 6aof  -  2iiK-«j •  i  uuor -  rim- Ac 

133.1 

168 

162 

tf.s 

2 

6.0 

4.0 

P5/ 

As  Cast 

144 

126.6 

10 

19.0 

I600F-2IIR  WarlUUOF-MlK  AC 

I6V.7 

4 

4-7 

"  ••  ••  »•  /MK  “ 

>?/.*> 

163.6 

* 

6.1 

p/i 

As  last 

1*1.9 

138.3 

6 

12 

ICyuf-riiK-wUf  i  I0UF-4HH-AI. 

163.6 

163.7 

2 

l.tf 

P4/ 

nOOF-SHK-WH*  9UUI-2HK  •• 

163.6 

143.1 

3 

5.5 

F40 

Csbuf  riiii  wii  auoi-am-Ac 

1/4./ 

162.0 

3 

6. 7 

n 

"  '•  "  lOuuf-riiK  " 

)f*a.  / 

162.5 

3 

3.9 

y>t 

. .  6im  •• 

1S7,S# 

149.6 

S 

6.0 

P/i 

*•  tiuof-mn  *'• 

lt.3.6 

io/.o 

* 

9.* 

i.  ..  .»  ii  »■ 

166.5 

161.2 

3 

7.0 

*•? 

AS  Cast 

144 

156.7 

12 

zo 

l  Unit  -  (JtlH  -  AC 

1*0 

158.0 

6.0 

13.  S 

206.0 

n 

I440*  2IIR  »(>  >llih 

no 

16/.  a 

6 

12.9 

DlWI  -b»U»-AVe*  |**0f 

t  iiniiif  -4nh-  hi. 

!4o 

)4o.o 

f 

c.3 

40 

A*  Cast 

14/ 

156.3 

12.5 

le 

" 

1 1  t>l>l  OIIK-  AC 

140 

1*4.0 

J 

If. 4 

217.6 

" 

1  Vwttl  -  Zilt-ii^tliiinir  -*hih  ’* 

1*1 

ICO 

3 

'.6 

233.2 

" 

1  ItKif  -  UHK-  At  *  \  2* Ut  Wtl 

At. 

144 

Ic4.0 

H 

*0.6 

226.0 

•4V 


Sr Inel 1 
Hardness 

Nuwbcr 


536 

331 

iti 

Mu 

ill 

361 

352 
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TABLE  J 19  (Continued) 

MECHANICAL  PROPERTIES  OF  HEAT  TREATED  CAST  Ti-6AI-4V 


Yield 

Ul  tiisjt- 

Strength 

Tensile 

Elongation 

Reduc t i  cm 

Notch 

Br Inel 1 

Hr?at 

KS1 

Strength 

!n  40 

In  Area 

Tens  lie 

Hardness 

Wo. 

_  .  He -at  Treatnicn  t 

_  .(■«)_. 

_ KS1 _ 

_ Per  Cent 

_ Per  Lent 

_ KSJ _ 

Humber 

4$ 

As  Casl 

131 

145 

11 

22.0 

M 

HOOF  BHR- AC 

137 

152 

9 

25.9 

223 

it 

I550F-2HR-WQ 

♦1000F-4HK-AC 

143 

156 

6 

12.2 

220 

11 

I  lOOF-BHR-AT.+  lLLnF-  ;HR-WQ 

♦1000F-4HR-AC 

145 

16# 

6 

11.5 

226 

47 

As  Cast 

144 

155 

12 

20 

** 

1  IQQF-dHR-AC 

150 

158 

6 

13.5 

207 

1550F-  2HR-WQ 

♦IOOOF-4HR-AC 

150 

163 

6 

‘2.9 

*' 

11  OOF-  BHR-  AC+  i  550  F-  2HR- WQ 

♦  IOOOF-  4HR-AC 

148 

149 

1 

6.3 

4a 

As  Cast 

142 

154 

12 

IB 

it 

11  OOF- BHR- AC 

140 

154 

9 

16.4 

218 

*' 

15SOF-2HR-WQ 

tlOOOf-4HR-AC 

151 

160 

3 

7.6 

233 

it 

II00F-BHR-AC+1550F-2HP.  WQ 

♦  1000F-4HR-AC 

152 

165 

4  • 

10.6 

227 

50 

As  Cast 

135 

150 

12 

16.0 

>• 

1 100F-BHK-AC 

132 

147 

7 

18.9 

216.8 

i» 

1550F-2HR-WQ 

+  1000F-4HR-AC 

137 

152 

5 

12.6 

218.0 

11 

1 1 OOF- BHR- AC+ I 550F- 2HR- WQ 

♦  I000F-4HR-AC 

140 

155 

5 

9.2 

217.6 

70 

As  Cast 

136 

149 

t5 

23 

ii 

11  OOF- BHR- AC 

13# 

153 

10 

24.6 

228 

11 

I550F-2HA-WQ 

+I000F-4HR-AC 

154 

16# 

4 

11.5 

2>2 

ii 

1 100F-BHR-AC+1550F-  2HR-WQ 

•f  1 OOOF-  4HR- AC 

15# 

172 

3 

8.6 

228 

50 

As  Cast 

135 

iso 

12 

IB 

324 

" 

1 1 OOF- BHR- AC 

132 

146.# 

7 

IB. 9 

216.8 

311 

i> 

1 550F-  2HR-Wi*lOOOF-  4HR-AC 

218.0 

341 

“ 

1 100F-8HR-AC+1550F-2HR-VJQ 

♦  1000F-4HR-AC 

217.6 

341 

70 

As  Cast 

136 

i4o.9 

*5 

25 

337 

" 

j  jqqf  ij!  " 

13# 

163.2 

10 

JUh 

228 

321 

n 

1 550F- 2HR-WQ+1000F-4HR-AC 

154 

16# 

4 

•  5 

321.6 

341 

m 

1 100F-BKR-AC+I550F-2HR-WQ 

♦  1000F-4HK-AC 

15# 

172 

3 

B.6 

228 

352 

us 

As  Cast 

132 

143 

tt 

13.2 

211 

11 

l  I50F-  2Hit- At 

l  tC 

142 

9 

18.6 

212 

As  Cast 

U5 

134 

B 

8.B 

203 

1150F-4HK-AC 

127 

133 

0 

20.3 

205 

194 

As  Cast 

126 

.  136 

6 

li.B 

201 

i lOOr- ZHK-AC 

127 

137 

B 

14. 1 

■95 

201 

As  Casr 

124 

135 

7 

10. 2 

203 

" 

i  a 

l?n 

’  tr* 

7 

10 

196 

m. 

A*  taSL 

i  n 

114 

■> 

# 

13.5 

201 

•tilt  fi 

k-j 

■  IS 

/ 

»5.i 

2u6 

As  Ud-t 

1/5 

I  1/ 

/ 

It..  1 

204 

ll.ill.f  -  -  >•«. 

in 

141 

7 

.'0  / 

21:i 

A-.  1  ••  1 

i  i  i 

i 

i 

’  L  : 

1 .. 

1 2ubl  -  fin*  hi. 

H 

1,1 

\i 

4.  1 

/■•j 

1 14 

l'.‘l 

a 

l  1 

-  '''j 

" 

1/ii'jF-hmn  ;l 

1  {'. 

i. 

6.  > 

1 

5»»7 

As  L  1 

1  S> 

1-1 , 

t 

1  i  'r 

.n: 
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TABLE  J19  (Continued) 

MECHANICAL  PROPERTIES  OF  HEAT  TREATED  CAST  TI-6AI-4V 


vi«iu 

U )  t  i  ui.)t  u 

birenqtli 

Ivnslle 

1  lting.it  Inn 

deduction 

Ngtch 

Or  1  net  1 

Heal 

KSI 

Strength 

In  90 

In  Arua 

Tens  i  lo 

Hd  nines* 

No4 

Heal  Tieuipiciil 

.  i,a}. 

KSI 

Per  Cent 

.  ft1!  tent 

KSI 

Hnnihe  r _ 

J015 

As  C.ibt 

ij'i 

199 

7 

5.0 

/II 

•  • 

1  lytiMUIU-AC 

130 

195 

0 

12.1 

21? 

joy 

Ai  Last 

139 

195 

6 

6.5 

205 

" 

llyOF-UHK-AC 

1  35 

195 

0 

12.1 

/lf» 

F-Sl  1- 

As  LuSl 

192 

179 

9 

15.1 

305 

ii 

l550f~/IIK-VUi 

louui-<mM  to. 

U6 

196. tl 

6 

11.2 

321 

•i  ii  ii 

1  IlHJI  -  JltH  " 

136 

195.6 

5 

10.5 

321 

••  ii  n 

nmii  -/iiK  <.i 

139 

199.0 

7 

9.7 

321 

i.  *  n  ii 

IOOOI-9IIK  At. 

135 

196.0 

1 

12.9 

321 

r/'»5 

I600F  2liK-U4HOOUF-/lilt  AC 

119 

1311.2 

7 

17.5 

302 

*• 

•*  •*  *■ 

».IIK  " 

119 

130-2 

6 

19.5 

302 

•* 

«•  II  II 

117 

132.2 

5 

10.5 

321 

•» 

"  "  •' 

••  4,||K  •• 

116 

133.2 

7 

19.2 

311 

•• 

"  INK  " 

IUOm/IIK  " 

I2U 

b6.o 

5 

lo. r 

302 

»* 

•  •  M  l> 

"  'iiirt  ■■ 

119 

135.6 

3 

8.t| 

302 

*» 

■1  l»  II 

I  IOUF-/IIR  M 

lit. 

130.0 

9 

13.5 

3ii 

*• 

1.  II  .1 

**  MIH  " 

1 16 

131.6 

6 

10.5 

293 

I550F-  /HK-W»i* 

IOOUF-  /UK- AC 

139 

169.13 

9 

11.2 

321 

" 

. 

M  'iHH  " 

135 

159.0 

3 

5.2 

331 

••  .. 

t  IOUI-  /UK  " 

137 

193.2 

9 

10.0 

311 

»■ 

. 

**  *#IIK  " 

137 

191.6 

5 

18. 1 

321 

As  tasl 

131 

195.1 

11.0 

22.0 

339 

1  IUOF-WIKAI 

13/ 

191.6 

y.o 

25.9 

m.  a 

293 

" 

I550F-/IIK 

loom  -'ill H  " 

2/0.0 

331 

>• 

num  AiK-iAi 

*  10001  -AHK- At 

llb.k 

391 
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JS4 


TALLL  J_0 

MECHANICAL  PROPERTIES  OF  AS  CAST  EXPERIMENTAL  ALLOYS 


Alloy 

Ho. 

Alloy 

Type 

Heat 

No. 

Yield 

Sticn.jih, 

KS1 

|  Ultimate 
i  Stienijlh, 
►  SI 

|  floriq. 

1  Irt  4D, 
JPer  Cant 

|  Reduction 
[  In  Aie«, 

|  Per  Coni 

i  ;V;.v'i 

Tensile, 

KSI 

Hardness 

Number 

Carbon, 
Per  Cent 

Oxygen, 

|  Per  Cent 

t 

Nlt'Oyen, 
Per  Cent 

5 

11  6AI-4V 

P51-2 

137.15 

152.8 

12.5 

18.5 

.084 

.281 

.028 

5 

Tl  6AI-4V 

P54-2 

143.2 

152.9 

9.5 

14  0 

.080 

.200 

.031 

5 

TI  6AI-4V 

F/j-3 

M3. 2 

156.4 

12.0 

18.0 

.094 

.19 

.036 

6 

115AM  l/2Sn 

P26-28 

127.15 

136.7 

9.0 

16.0 

.067 

.230 

.014 

129.0 

134.7 

11.0 

20.0 

128.2 

137.4 

11.0 

20,0 

6 

TinA^l/25n 

P26-2C 

A 

205.65 

B 

206.5 

C 

207.3 

6 

T15AM  l/2$n 

P33-2A 

.070 

.256 

.015 

A 

132.1 

139.5 

11.0 

22.0 

B 

132.25 

139.6 

11.5 

22.0 

C 

133.0 

139.8 

11. 0 

22.0 

i 

T15AM  l/2Sn 

P33-2B 

A 

203.3 

B 

194.45 

c 

204.2 

9 

H  6Ai-4V 

P47-2 

143.5 

154.7 

12.0 

20.0 

.087 

.240 

.027 

9 

Tl  AAI-4V 

P50-2 

134.95 

150.0 

•2.0 

18.0 

.054 

.158 

.022 

10 

Tl  I3V-IIO 

P62-2A 

120.5 

122.4 

16.0 

27.0 

.028 

.146 

.027 

B 

120.75 

123.8 

16.0 

25.0 

C 

121.0 

123.9 

16.0 

26.0 

10 

ril3V-llCf 

P62-3A 

174.9 

B 

182.9 

C 

192.1 

10 

TH3V-UO 

P6&-2A 

124.4 

125.5 

9.5 

16.0 

.023 

.19 

.028 

B 

124.5 

123.5 

6.5 

13.0 

C 

124.4 

123.1 

6.0 

9.0 

10 

TII3V-llCr 

PA6  j 

174.7 

180.7 

1/8.5 

11 

TI13V-HO- 

P55-IA 

125.9 

126.75 

13.5 

23.0 

.028 

.153 

.022 

I  I/2AI 

B 

125.25 

126.5 

18,5 

24.0 

c 

125.25 

126.1 

15.0 

23.0 

n 

TI13V-UO- 

P55-2A 

187.3 

i  I/2AI 

B 

184.8 

/* 

174.7 

ii 

11 13V- II  Ci- 

P41-IA 

126.4 

127.8 

10.5 

17.0 

.032 

.1575 

0?7 

1  1/2AI 

B 

128.4 

129.6 

12.5 

21.0 

C 

127.7 

131.0 

12.0 

18.0 

ii 

TII3V-llCr- 

P61-2A 

163.1 

1  I/2AI 

B 

175.5 

c 

179.0 

ii 

TII3V-IICf- 

436 

120 

130.8 

7.0 

11,5 

179.2 

277 

.Uvl 

.12 

.022 

1  I/2AI 

119 

129.6 

7  0 

9.7 

12 

TII3V-IICr- 

PX  ?A 

123.9 

124.5 

11.5 

22.0 

.020 

.1438 

.017 

B 

121.95 

124.7 

9.5 

22.0 

c 

121. Ou 

128.4 

10.0 

23.0 
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TABLE  J20  (Continued) 

MECHANICAL  PROPERTIES  OF  AS  CAST  EXPERIMENTAL  ALLOYS 


Alio/ 

No* 

|  Alloy 

|  Typo 

Heat 

No, 

Yield 

Strength, 

KS1 

Ultimata 

Strength, 

KSi 

Elong. 

in  40, 
Per  Cent 

|  Reduction 
|  in  Areo; 
Per  Cent 

Notch 

Tensile, 

KSI 

Brineii 

Hardness 

Number 

Carbon, 
Per  Cent 

Oxygen, 
Per  Cent 

Nitrogen, 
Per  Can! 

12 

Tll3V-MCr- 

P38-2B 

191.1 

2  1/2A1 

176.8 

180.65 

12 

P44-2A 

128.55 

130.7 

10.5 

20.0 

.030 

.143 

.020 

B 

129.45 

133.1 

8.5 

18.0 

C 

129.8 

131.4 

3-5 

9.0 

12 

P44-3A 

165.6 

8 

170.2 

C 

162.25 

13 

T1I3V-1  ICr- 

P46-2A 

131.4 

133.1 

9.0 

21.0 

.019 

.143 

.018 

4aI 

B 

134.65 

136.15 

9.0 

21.0 

C 

133.6 

135.8 

8.5 

18.0 

13 

P46-3A 

177.6 

B 

178.1 

C 

169.3 

13 

P52-IA 

133.3 

133.1 

9.0 

21.0 

.024 

.153 

.018 

B 

135.2 

136.15 

9.0 

21.0 

C 

134.3 

135.8 

8.5 

18.0 

13 

P52-2A 

185.7 

B 

174.3 

C 

173.7 

14 

8V-5P. 

PI39-2A 

Nona 

182.4 

0 

0 

102.8 

438 

.022 

.101 

B 

Nona 

180.0 

0 

0 

104.0 

C 

Nona 

186.0 

0 

0 

126.0 

15 

8V-5F.-1AI 

P140-2A 

1».0 

174.0 

4 

11.9 

203.0 

363 

.030 

.096 

.014 

B 

169.0 

174.0 

4 

10.0 

206.8 

C 

162.0 

171.6 

5 

16.4 

170.0 

IS 

8V-5P.-IA1 

3S8 

150 

178.8 

2 

4.0 

l/ti.4 

355.2 

.028 

.11 

.015 

150 

180.0 

2 

5.3 

150 

180.0 

2 

5.0 

178.0 

140 

167 

174.0 

4 

13.0 

193.0 

.030 

,096 

.014 

521 

— 

181.0 

2.0 

4.9 

.017 

.060 

.011 

16 

5  1/2A1-31/2V  P65-2A 

125.4 

142.0 

10.5 

15.0 

210.0 

311 

.019 

.10 

.010 

0.45f«-25n- 

B 

126.7 

142.4 

10.0 

16.0 

206.8 

0.25Cu 

c 

125.9 

142.0 

10.0 

15.0 

P65-3A 

217.5 

B 

216.0 

c 

215.1 

17 

PI51 -2A 

96.0 

106.0 

12 

31.9 

172.8 

262 

.024 

.11 

.006! 

B 

96.0 

106.2 

10 

36.5 

173.2 

c 

98.0 

106. 2 

i: 

29.2 

172.0 

19 

TI7AI-3MO 

P64-2 

112.3 

128.4 

8.0 

18.0 

.020 

.131 

.0083 

118.0 

130.7 

5.0 

12.0 

113.05 

128.4 

7.0 

16.0 

19 

P64-3 

190.7 

189.7 

186.95 

IV 

P68-2 

117.0 

132.55 

5.0 

15.0 

.024 

.10 

.o  io 

1 15.8 

129.95 

3.0 

7.0 

112. 1 

127.3 

7.0 

15.0 

J66 


TABLES 


D2-2786-8 


TABLE  J20  (Continued) 

MECHANICAL  PROPERTIES  OF  AS  CAST  EXPERIMENTAL  ALLOYS 


i 

Ajloy  1 
No.  j 

Alloy 

Typo 

Huai 

No. 

Yield 

Strength, 

K$i 

! - : - 1 

Ultimata 

Srienyili, 

KS1 

; - ■ 

tlong. 

In  4D, 
Pfcl  C  Blli 

Reduction 
In  Ar»o, 
Per  Cent 

Notch  j 
Teralfe, 

«'  j 

brlnell 

Hardneu 

Carbon, 
Per  Cent 

..  ..  i 

Oxygen, 
Pet  Cent 

i  - . 

Nitrogen,  j 
Per  Cent  ! 

20 

pi  V)  o  * 

1  -  ov  trx 

■  2U  G 

136.0 

iu 

25./ 

tYU.l) 

277 

.036 

.13 

.018 

B 

128.2 

137.2 

10 

24.6 

204.2 

C 

128.0 

136.0 

11 

2/. 2 

190.0 

21 

PI  52-1 A 

104.0 

124.2 

9 

26.5 

196.  U 

277 

.036 

,ii 

.0076 

B 

105.0 

126.0 

9 

18.1 

194.0 

c 

106.7 

127.6 

10 

25.2 

190.0 

24 

7AI-4Mo 

P148-2A 

112.0 

132.0 

5 

15.1 

194.0 

305 

.022 

.072 

.0046 

B 

112.0 

130.0 

5 

12.2 

193.2 

C 

1 10.0 

■  28.0 

7 

12.9 

195.6 

25 

P165-I A 

90.0 

IU.O 

10 

18.9 

172.0 

250 

.029 

.089 

.0069 

B 

91.0 

114.0 

11 

23.9 

173.6 

c 

yo.o 

114.0 

12 

25.2 

176.0 

2d 

P166-1A 

107.0 

121.0 

9 

25.2 

190.0 

287.6 

.022 

.11 

.0067 

B 

107.0 

119.6 

9 

26.5 

186.0 

c 

106.6 

120.8 

10 

26.5 

190.8 

27 

4Al-3Mo-IV 

PI 47-2  A 

91.0 

110.0 

15 

37.0 

172.0 

254 

.032 

.086 

.0046 

B 

92.0 

110.2 

15 

36.0 

173.2 

C 

94.0 

111.6 

9 

26.5 

172.4 

28 

PI80-1A 

134.0 

140  8 

i 

5.3 

220.8 

321 

.0035 

.10 

.012 

B 

128.0 

144.0 

4 

4.5 

206.8 

C 

130.0 

149.6 

5 

4.5 

212.8 

2» 

4  I/2AI- 

PI49-2A 

136.0 

154.8 

8 

14.0 

216.4 

331 

.073 

.020 

.018 

3  I/2MO-1V 

B 

132.0 

152.0 

12 

21.5 

224.0 

C 

135.0 

154.2 

to 

20.4 

214.4 

359 

112 

150.0 

» 

16.7 

219.2 

321 

.062 

.19 

.018 

110 

148.8 

6 

10.6 

30 

PIB9-1A 

88.0 

96.0 

4 

17.8 

160.0 

223 

.044 

.07] 

.0053 

6 

91.0 

96.0 

11 

45.5 

157.2 

C 

90.0 

97.2 

10 

37-7 

158.0 

31 

PI90-IA 

90.0 

96.4 

10 

40.7 

168.0 

241 

.024 

.08 

.0038 

B 

92.0 

96.4 

13 

34.4 

to6.0 

C 

90.0 

98.0 

12 

42.0 

172.0 

32 

PH6-2A 

115.0 

128.8 

3 

9.2 

122.8 

293 

.032 

.081 

.018 

B 

115.0 

134.0 

5 

H.S 

167.2 

c 

115.0 

135.2 

6 

18.6 

177. 6 

33 

PI81-IA 

149.0 

165.2 

1 

0.6 

170.6 

345 

.027 

.115 

.0041 

B 

145.0 

158.2 

1 

0.6 

168.0 

c 

146.0 

161.2 

1 

1.6 

17?  0 

14 

ri'.c 

7ZZ7Z 

i  * 

* 

-  V 

ji/.o 

.064 

.0051 

t 

129.0 

I4fl  0 

2 

3.8 

173.2 

c 

134.0 

141.2 

2 

1.6 

180.  -4 

35 

P205-3A 

None 

106.2 

i 

0 

125.6 

331 

.033 

.084 

.0085 

B 

None 

108.2 

t 

0 

154.8 

C 

Non* 

118.0 

1 

0 

122.0 

36 

P204-2A 

Too  due  til 

*  82.8 

18 

34.3 

122.0 

190 

.036 

.085 

.0083 

B 

to  thaw  curve  83.2 

18 

33.7 

124.0 

c 

83.2 

1? 

35.8 

122.0 

D2-2/Si-b 
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TABLE  J20  (Continued) 


MECHANICAL  PROPERTIES  OF  AS  CAST  EXPERIMENTAL  ALLOYS 


Alloy 

No. 

Alloy 

Type 

H<*«t 

No. 

Yield 

Stionytli, 

KSI 

Ultimate 

Strength, 

KSI 

Elong. 

In  4D, 
Per  Cent 

Reduction 
In  Area, 
Pei  Cent 

Notch 

Tensile, 

KSI 

Brine!  I 

Hwhwrw 

Number 

37 

P202  2A 

None 

136.8 

i 

1.6 

122.8 

375  • 

8 

None 

138  ? 

i 

.7 

100.8 

C 

Noire 

136.0 

0 

2.4 

116.4 

38 

P193-IA 

Too  ductile 

96.4 

12 

27.2 

148.0 

( 

92.0 

18 

27.2 

148  0 

C 

95.6 

10 

19.7 

140.0 

39 

5MO-6V-2N! 

P164-1A 

138.0 

154.0 

5 

13.5 

204.8 

314,3 

8 

137.0 

152.0 

4 

11.0 

204.0 

C 

140.0 

156.2 

4 

10.6 

204.8 

409 

140 

156.0 

8 

It.  5 

217.6 

314 

140 

156.0 

7 

14.5 

40 

P233-1A 

146.0 

T'l'M 

7 

13.4 

226.0 

331 

1 

146.0 

160.0 

7 

10.5 

232.0 

C 

145.0 

159.2 

5 

10.6 

228.0 

41 

2Cu 

P202-2A 

62.0 

79.6 

25 

38.3 

112.0 

176 

» 

62.0 

80.0 

24 

36.5 

114.0 

C 

61.0 

79.6 

25 

39.3 

114.0 

P202 

62.0 

80.0 

25 

38.0 

114.0 

P523 

85.0 

106.0 

15 

25.9 

156.0 

P523 

88.0 

104.0 

16 

22.4 

235 

P523 

89.0 

106.0 

15 

24.6 

248 

P523 

88.0 

106.0 

15 

23.9 

241 

P579 

100.0 

117.0 

14 

18.9 

173.0 

255 

P579 

100.0 

118.0 

13 

19.7 

174 

255 

P579 

100.0 

117 

13 

18.1 

262 

P579 

102.0 

1 18.0 

13 

17.5 

262 

P579 

98.0 

115.0 

6.0 

9.2 

269 

P579 

102.0 

118.0 

13 

22.4 

248 

42 

P223-IA 

111.0 

123.6 

8 

15.8 

182.4 

283 

8 

110.0 

122.2 

9 

18.9 

182.8 

C 

111.0 

122.4 

9 

15.8 

182.8 

43 

P267-IA 

103.0 

123.8 

9 

27.2 

272 

8 

103.0 

122.8 

10 

21.7 

r 

102.0 

122.2 

12 

34.4 

44 

3AI-2  1/2V 

PI44-IA 

94.0 

11 

28.5 

168.4 

253 

8 

94.0 

li 

29.8 

C 

94.0 

12 

29.9 

45 

P222-1A 

112.0 

124.4 

12 

30,5 

194.4 

288 

8 

113.0 

125.6 

14 

27.2 

1»2.0 

C 

114.0 

126.4 

16 

75  9 

196.8 

46 

P1M2-2A 

6U.0 

92.0 

14 

2c.  2 

12/. 2 

201 

8 

68.0 

90.4 

13 

26.0 

132.0 

C 

61.0 

9i.6 

13 

23.0 

133.2 

47 

1226-1 A 

122.0 

136.8 

11 

27.9 

206.0 

290 

8 

122.0 

136.6 

12 

24.6 

206.0 

C 

121. 0 

136.0 

13 

27 .9 

208.6 

48 

r  183-2  A 

137.0 

156.0 

4 

*4.9 

186.4 

8 

136.0 

154.0 

4 

6.1 

180.0 

C 

136.0 

154.4 

3 

6.3 

1/8.0 

Carbon,  Oxygon,  Nitrogen, 
Per  Cent  Per  Cent  Per  Cent 


.029 

.021 

.027 

.026 

.038 

.033 

.045 

.025 

.024 

.028 

•  UIV 

.02! 

.030 


.105 

.025 

.108 

.064 

.10 

.20 

.27 

.08 

.066 

.12 

.087 

.12 

.079 

.16 


.0070 

.011 

.0022 

.0095 

.032 

.035 

.047 

.0041 

.0072 

.0)2 

.004/ 

.012 

.012 


.018 


-013 


J68 
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TABLE  J20  (Continued) 

MECHANICAL  PROPERTIES  OF  AS  CAST  EXPERIMENTAL  ALLOYS 


Alloy 

No. 

Alloy 

Typ. 

Heat 

No. 

Yield 

Slfcnylli, 

KSI 

Ultimate: 

Stienyth, 

KSI 

Elony. 

Sis  4:3, 
Per  Cent 

j  RcJuctiun 
i  In  Area, 

|  Pei  Cent 

Notch 

Tensile, 

KSI 

Btinell 

Hardness 

Number 

Carbon,  i 
Per  Cent  j 

- 1 

t  Oxygen,  j 
|  Per  C«nt  j 

i - 

!  NHrogen, 
Per  Coni 

49 

1AJ4-IA 

111.0 

132.0 

10 

32.5 

206.0 

296 

.019 

.073 

.024 

B 

115.0 

136.0 

8 

21.0 

204.0 

C 

111,0 

131 .0 

Y 

29.0 

204.4 

50 

P230-1 A 

122.0 

142.0 

4 

5. 3 

196.2 

305 

.012 

.19 

.0054 

B 

123.0 

143.2 

II 

18.9 

186.0 

C 

123.0 

144.0 

10 

18.1 

190  0 

51 

P236-I A 

None 

102.8 

0 

0 

90.0 

331 

.022 

.15 

.0054 

B 

Nano 

100.0 

0 

0 

76.0 

C 

None 

106.4 

0 

0 

88.0 

52 

Nk't  COstuble 

loo  biittle 

53 

6AMV- 

P267-IA 

1 14.0 

133.6 

8 

17.5 

44.8 

280 

036 

.12 

.1X1/8 

B 

112.0 

132.0 

!0 

21.0 

49.2 

C 

112.0 

131 .6 

12 

33  0 

54.4 

6A1-'4v* 

PeVj-iA 

i>*oi  «e 

76.0 

U 

i; 

62.0 

cat 

.028 

.0077 

B 

None 

80.0 

0 

0 

63.2 

55 


6AI-4V- 

0.5W 


C 

P297-IA 

B 

C 


None 

104.0 

106.0 

104.0 


90.4 

124.0 

126.0 

124.0 


0 

9 

10 

12 


0 

25.7 

25.2 

41.4 


2 77 


.025  .  078  .  0067 


197.6 


56 

6AI-4V- 

348 

104.0 

174.0 

1 1 

38.9 

203.2 

192.0 

0.5Ta 

108.0 

128  0 

1) 

24.9 

190.0 

57 

3AI-7MO- 

106.0 

124,0 

11 

33.6 

196.0 

P298 

•1A 

114.0 

134.0 

6 

10.6 

192.0 

0.25B. 

B 

113.0 

134.0 

6 

12.2 

189.6 

59 

4AI-4Sn- 

P299- 

C 

IA 

112.0 

112.0 

133.2 

123.6 

7 

10 

10.6 

23 

192.0 

8Zi 

B 

108.0 

120.0 

10 

23.7 

331 

C 

110.0 

124.1’ 

10 

24.4 

202.0 

204  8 

60 

4AI-4Sii-BZi- 

P300- 

lA 

137.0 

151.6 

9  . 

21.5 

205.6 

223.2 

lF.-lCr-IV 

B 

132.0 

152,0 

10 

22.4 

218.8 

C 

136.0 

154.0 

IC 

19.7 

223.2 

P489 

151.0 

170.0 

7 

10.5 

P489 

156.0 

177.0 

4 

7  0 

P489 

156. C 

156.0 

0 

0 

161.0 

>489 

156.0 

177.0 

4 

5.3 

6i 

741  2MO-3C.- 

>301- 

IA 

156.0 

166.2 

1 

1.6 

130.0 

3Sr.-2Zr- 

8 

156.0 

172.8 

2 

4,0 

133.2 

62 

0  0AN 

7A|-2Mo-3C.- 

349 

C 

154.0 

151.0 

164  0 
161.2 

1 

0.7 

« 39.2 
160.8 

3Sn-2Z< 

154.0 

174.0 

3 

7.0 

156.2 

153.0 

1/2.0 

| 

3.3 

•  86.8 

63 

7Al-?Mn- 

350 

155.0 

172.0 

i 

3.3 

120.0 

0.5W-0.5Ta- 

155.0 

162.4 

1 

1.6 

■  26.0 

3Cr-35n-?Zr 

156.0 

1/0.8 

I 

4  n 

1  S7  fl 

243 

.031 

.12 

.015 

282.3 

.024 

.19 

.0090 

285 

.016 

.106 

.0047 

262 

.017 

.10 

.0045 

293 

.034 

.11 

.020 

321 

.014 

.14  - 

.0054 

352 

352 

352 

.048 

.29 

.063 

371 

.014 

.12 

.064 

359.6 

.0030 

.11 

,0082 

363 

.022 

.Ii 

.00/ 3 

1 
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TABLE  J20  (Continued) 


MECHANICAL  PROPERTIES  OF  AS  CAST  EXPERIMENTAL  ALLOYS 


Alloy 
No.  j 

Alloy 

Typo 

Heot 

No. 

Yield 

SjratiyFh, 

KSl 

Ultimate  j 
Strength, 
KSl  i 

tinny. 

In  4D,  1 

Pai  Cant  | 

Reduction 

1  In  Area, 

|  Poi  Cent 

Notch 

Tensile, 

KSl 

Brined 

Hardneu 

Number 

CuiLus*, 

Per  Cent 

Ox/S*..,  | 
Pei  Cent 

i 

Nitrogen, 

Per  Cent 

64 

4Al-4Sn-BZ»- 

PJ02-A 

124.0 

141.2 

11 

22.4 

213.2 

290 

.010 

.12 

.068 

0.07N 

& 

126.0 

142.0 

10 

21.5 

214.0 

C 

125.0 

142.8 

10 

23.0 

214.4 

65 

4AI-2Mo-20  351 

183.2 

1 

C 

150.8 

405.2 

.018 

.15 

.0099 

2V-2F«-4Sn- 

137.6 

1 

0 

131.6 

8Zr 

190.8 

0 

0 

130.0 

66 

2Al-5F.-2Sn- 

352 

131 

140.0 

2 

3.0 

154.8 

285.1 

.023 

.18 

.015 

8V-5Zr 

131 

140.0 

22 

0.7 

116.0 

130 

130.0 

2 

1.6 

118.0 

68 

2AI-8V-5F. 

354 

140 

154.4 

7 

11.9 

183.6 

311 

.026 

.11 

.014 

142 

153.2 

4 

8.6 

186.11 

143 

153.6 

4 

10.6 

148.0 

69 

6AI-4V- 

434 

129 

147.6 

9 

15.1 

204 

317 

.038 

.12 

.0063 

lCr-lMo 

434 

126 

144.8 

7 

18.6 

434 

128 

145  0 

8 

17.0 

204 

Noun -A 

130 

152.0 

7 

15.1 

321 

B 

130 

152.0 

6 

9.2 

7! 

6AI-4V- 

355 

113 

128.0 

7 

11.5 

196.0 

277 

.048 

.06 

.028 

0.048C-0.06 

111 

127.2 

6 

12.2 

190.4 

Ox-0.028N 

114 

128.0 

6 

12.9 

190.8 

n 

6AI-4V- 

35/ 

114 

130.8 

6 

15.1 

200.0 

287.6 

.028 

.05 

.045 

0.028C-0.050 

115 

133.2 

/ 

15.1 

196.8 

Ox-0.045N 

115 

132.0 

7 

15.1 

198.0 

73 

6AI-4V- 

356 

122 

136.8 

8 

15.1 

200.4 

290.3 

.025 

.06 

.079 

0.025C-0.06 

124 

142.8 

6 

11.2 

212.0 

Ox-0.079N 

121 

138.8 

8 

16.4 

206.0 

80 

0.04C-0. 18 

341 

64 

82.8 

15 

25.9 

.040 

.18 

.018 

Ox-O.OI8N 

64 

80.2 

15 

23.0 

63 

81.8 

13 

34.4 

84 

.036C-0.28 

431 

48 

90.8 

13 

21.7 

.036 

.20 

.018 

Ox-O.OI8N 

84 

.053C-.26 

432 

76 

96.0 

13 

28.5 

213.0 

213 

.053 

.26 

.021 

Ox-.02IN 

90 

.03  0,,  I5AI, 

Not  '  loo  biltlle 

IV 

96 

M3 

54 

71.0 

20 

40.0 

108 

.025 

.099 

.016 

97 

514 

69 

84.0 

20 

38.7 

122 

.037 

.077 

.073 

98 

570 

ill 

127.0 

3 

0.7 

119 

.053 

.57 

.016 

99 

519 

117 

!2i.Q 

i 

1.6 

90 

.036 

.63 

.066 

100 

518 

59 

83.0 

16 

27.0 

128 

.188 

.13 

.013 

101 

517 

71 

94.0 

11 

16.7 

138 

.190 

.14 

.059 

107 

516 

85.0 

i 

0.8 

96 

.193 

.67 

.013 

103 

515 

93.0 

1 

2.1 

68 

.185 

.61 

.076 

104 

PI  42 

1 25 

i  K7  n 

8 

17.6 

.100 

.lyo 

.035 

105 

4Al  -4Sn  -tiii  - 

P596 

154 

171.0 

4 

5.3 

216 

352 

.080 

.12 

.038 

l-3F.-l.5Ci 

P596 

154 

1/1,0 

5 

9.7 

352 

I.5V 

P596 

154 

170  0 

4 

5.3 

352 

106 

4AI-4$o-8Zf- 

P597 

132 

148.0 

10 

22.4 

219 

321 

.060 

.11 

.038 

.5r,  .50 

P597 

132 

149.0 

:  | 

16.7 

321 

■  5V 

win 

»  M 
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TABLE  J20  (Continued) 


MECHANICAL  PROPERTIES  OF  AS  CAST  EXPERIMENTAL  ALLOYS 
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Oxygen, 
Per  Cent 

Nitrogen 
Per  Cent 

107 

tOCr-.lAI 

606 

m 

0 

1.6 

172.0 

i 

3.3 

108 

8Zr-4AI- 

607 

130 

152.4 

n 

21.0 

208 

.077 

.030 

.035 

4$r,-2V 

130 

152.8 

n 

20.5 

no 

10Zr-4Al- 

626 

118 

135.2 

n 

27.9 

201 

.016 

.11 

.014 

4$.-,  2V 

118 

134.2 

ii 

24.6 

in 

8Zr-4AI- 

627 

117 

140.0 

12 

22.4 

198 

.016 

.12 

.014 

6S.-.-2V 

118 

141 .0 

10 

22.4 

112 

8ZI-4AI- 

628 

120 

145.0 

12 

21.4 

.021 

.12 

.013 

4Sn-2V 

120 

144.0 

11 

23.2 

D2--2786-  8 


TABLES 


J71 


TABLE  J21 


MECHANICAL  PROPERTIES  OF  HEAT  TREATED  EXPERIMENTAL  ALLOYS 
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TABLE  J21  (Continued) 

MECHANICAL  PROPERTIES  O-  HEAT  TREATED  EXPERIMENTAL  ALLOYS 
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MECHANICAL  PROPERTIES  OP  HEAT  TREATED  EXPERIMENTAL  ALLOYS 
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i  jvf  /UK  -  a// » jtiiiui  -  Ii:*-  r«v. 

Ii.  1  1  . 

11  Wj.'i 

1 

3,3 

/HU 

l/i.o 

1 

0.3 

4il  >1  " 

" 

H.’i.e 

*’ 

2.2 

I.MU  :*.*!« 

In*  • 

V.'  ,  5 

t  l  , 

l*S.n 

11  |i  • 

7.6 
«,  1 

' 

•I  IK  - 

»M./ 

4 

4.3 

i.  1 

,  * 

c 

•  -*  -  n 

\  •  ’• 

1  1  '.SI 

1  , 

.i,  1 

t 

,  . 

141 

*5  bV-^Fc 
tAI 
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TABLE  J21  (Continued) 

MECHANICAL  PROPERTIES  OF  HEAT  TREATED  EXPERIMENTAL  ALLOYS 


V  lei  o 

Ul  t  (male 

S  t  remj  t  h 

NTcnsI  le 

Elongat  lot) 

Reduction 

Notch 

Brine  11 

Alloy 

A‘  loy 

Heat 

ILSI 

strength 

In  40 

In  Area 

Tens  1 le 

Hardness 

.  No. 

Type 

No.  Heat  Treatment _ 

_ iq.n  Offset) 

K$1 _ 

Per  Cetn 

Per  Cent 

KSI 

Humber _ 

(pi4o-'jy 

15  P35B 

I000P-4HHK- AC 

160 

166 

3 

9.5 

P'I40 

Qoo F-  dim 

— 

20 1 

0 

0 

P358 

11  24llR  •• 

— 

192 

3 

7.2 

" 

"  4UHR  " 

178 

1UI 

2 

3.4 

PI40 

80IIF-  8HR  " 

— 

191 

2 

0 

P358 

24im  ■■ 

— 

195 

1 

0. 

11 

■■  4HHR  « 

— 

194 

1 

0 

P!40 

700 r-  dim  •• 

148 

0 

0 

P358 

»•  24im  *' 

121 

0.5 

2.1 

" 

••  4am  " 

122 

0 

0 

P140 

600  F-  8HR  •• 

II 

"  24hr 

P358 

■■  48HR  " 

121 

0.5 

1.6 

16  5.5AI  P65 

As  Cist 

126 

142.1 

10 

15.3 

5.5»-2Sn  ■’ 

1 150P-  I6IIR-AC 

127.7 

138.9 

9 

16.2 

,5P*-.25Cu  P69 

As  Cast 

12b.  2 

140.4 

9 

16.2 

li 

1  I00F-  /HR-AC 

130.6 

141.0 

9 

19.6 

« > 

"  4HR  ■■ 

129.4 

140.6 

6 

13.7 

•  1 

uim  •• 

129 

140.1* 

5 

13.2 

II 

■'  16HR  ■■ 

110.8 

140.8 

9 

H.O 

■  ■ 

1150F-  2HK  " 

12/.5 

136.6 

8 

14. 1 

II 

■■  4hh  " 

170  n 

139.1 

1  1 

17.8 

am  " 

1^8.9 

140.7 

8 

14.8 

tl 

1050F-  Jill  " 

129.2 

141.8 

7 

8.8 

II 

-  4llh  " 

129.9 

142.9 

9 

11.8 

"  BHR  M 

130.5 

142.3 

6 

12.7 

P66-2A 

As  Cast 

125.4 

142.0 

10  5 

15.0 

8 

As  Cast 

126.7 

142.4 

10.0 

it.o 

C 

As  Cast 

125.9 

142.0 

10.  n 

iso 

P6S-3A 

As  Cast 

3 

As  Cast 

C 

As  Cast 

P65 

As  Cast 

126.0 

142.1 

10 

15.3 

1 650  F-  2IIR-VA1*  1 000 1  -6HR- AC 

1/2.0 

181.2 

0 

0.6 

1 ' 

■■  I6IIR 

m.t» 

176.5 

0 

0.3 

■'  " 

MUOf  -6MR  ■* 

161.2 

;  72.0 

0 

1 .0 

it  it 

M  I6HR  •' 

158.3 

168.9 

2 

5.0 

*'  I6HK 

I0001-6MR  •• 

164. 9 

1/3.3 

0 

0.5 

" 

ii  i  •• 

*'  Jollfi  '■ 

104.6 

175.7 

1 

2.8 

** 

I100F-6HR  " 

161 . 1 

168.2 

1 

3.6 

' 

"  I6IIR  '• 

156.7 

165.8 

1 

P69 

As  Cast 

125.2 

140.4 

9 

16.2 

»?  l/AS-.Vln  P64-2 

As  Cast 

112.  » 

128.4 

8.0 

in  0 

As  Cast 

1  Jo.  G 

130.9 

b 

12.0 

As  Cast 

113.05 

128.4 

7 

16.0 

P64-3 

As  cast 

As  Cast 

As  Cas  t 

1 17.0 

13/. 55 

5 

1  b.O 

As  Las  t 

115.8 

!  29.55 

7.0 

As  Cast 

112.  1 

=  27.3 

7 

15.0 

As  Cast 

114.3 

7 

i  5.0 

I60QF  2!!K  ALHIOGF-  !6llk-;u. 

1 14.3 

124.5 

14.2 

u/.j 

12/.3 

6 

1  2.t- 

•'  '  wj*  floor- 1  {,uit- ac 

1  23 . 3 

■  i  iOi 

3 

9.2 

.1  ..  .. 

11.  5 

1  -‘7.0 

■f 

•  2.2 

2IIH-  fit.*  1  Inf't  -  Ai. 

1  !  *.  5 

1  YJ.O 

o 

I’*./ 

1  L'o . : 

1/7.1? 

■4 

l/.'J 

19? 


1/2 


118 


85 


210.0 

206.8 

717.5 

216.0 

215.1 


190.7 

!  atj .  ; 

IS-.a) 


331 
3.18 
3o3 
3*1 
80 1 
388 
376 
418 
401 
415 


388 


311 
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TABLE  J21  (Continued) 

MECHANICAL  PROPERTIES  OF  HEAT  TREATED  EXPERIMENTAL  ALLOYS 


Alloy  Alloy 
No,  Type 


Meat 
Mo, _ 


Heat  Treatment 


Vleld  Ultimate 

Strength  Tensile  Elongation 
KSI  Strenqth  In  40 

(O.a  Ulfsot) _ KSI _ Per  J.cnt  _ 


19 


p6h 


P64 


IOV-13Cr 

5AI 


As  Cast 

I700F- 2HR-Wi+|000F-  IHR-AC 
1  "  2IIK 

1  "  4tlR 

11  8HR 
t I DOF- I  HR 
"  2KR 

"  Ahr 

lOOOF-AtIR 
I I00F-2HR 


•AC 


1600  F 


24  7Al-'«te 


BAI-lHo 

IV 


PI50  2A 

A  . 

■  »J 

Cast 

t* 

As 

Last 

C 

As 

Cast 

P 150 

As 

Cast 

11 

l600F-il(R-W0+l0C0F-»m 

i> 

"  4IIR 

ti 

■  •  .. 

"  UHR 

»• 

I050F-/HR 

ti 

'•  4HR 

n 

'*  UHR 

PV\H- 

2A 

As  Cast 

B 

As  Cast 

C 

As  Cast 

PI46 

As  Cast 

"  160OF-2HR  WU+IOOOF-AIIR-AC 

"  I100F-2HR  " 

"  AHR  •' 

PI66-IA  As  Cast 

B  As  Cast 

C  As  Cast 

166  I60QK-2im-Mlt|00OF- IHH- 

"  2HH 

''  "  "  "  <«MK 

"  900F-2HR 

"  "  "  '■  "  Aim 


H-AC 


PI  49 


PI  49 


As  Cast 
As  Cast 

:600r-  2llK-t«it  1 000 f-  IllH-AC 


115.0 
130.6 
133.0 
13B.A 
132.9 
IJI.9 
130.6 
131.  U 
125.5 
127.1 

1 213.0 
I  20,2 
120.0 
120 
151 
179 

167 


112.0 
112.0 
110. 0 
III. 3 
127.2 
129.0 
129.0 
107.0 
107.0 
106.6 
10/ 
103 

107 

loA 

106 


27 

4AI  - 3 Mo  PI47-2A 

As  Cast 

31 .0 

IV  8 

As  Cast 

0 

C 

As  Cast 

94.0 

PI4/ 

As  Last 

32.3 

l3iOF-/Hft-WQ.  1000F-4HH-AC 

107.3 

- 

. .  l  100r-/HK  - 

"  "  "  4mk  " 

103.4 

101.6 

29 

6jA|-3|Ho  P149-ZA 

As  Cast 

136.0 

IV  B 

As  Cast 

132.0 

C 

As  Cast 

135.0 

353 

As  Cast 

M2 

110 
HA  2 
115. 6 


129.9 
1A2.C 
IA0.A 
IAB.0 
1A0.6 
IA2. 1 
I  AO. 6 
138.6 
137.3 

138.1 

136.0 

137.2 
136.0 
136 

163 
102 
173 
167 
158 
173 
132.0 
130.0 
120.0 
130.0 
145.0 
140,  2 

142. 5 

121.0 

119.6 
120.8 
122.0 
119.6 
116. A 

117.2 
1 19.6 


1 10.0 
110.2 
1 11.6 
110.6 

123.6 

110.6 

116.4 

154.0 

152.0 

154.2 

150.0 

IAo.0 

: 1 1  7 


Reduction  Notch  Brlnill 

In  Area  Tensile  Hardness 

P p r  Cent  _  KS 1  Number 


5 

3 

3 

2 

2 

1 

2 
2 
3 
3 

10 

10 

II 

10 

3 
I 

0.5 

I 

1 
1 

5 

5 

7 

6 

4 

2 

3 
9 
9 

10 

4 
9 

8 

7 

10 


15 

15 

9 

13 

3 

4 

6 

0 

12 

10 

<j 

6 

In 


•1  ti 

"  "  /MR-  •- 

lfd.0 

1/3^5 

1 

.. 

"  "  4llR  ** 

1/0.0 

175.5 

l 

As  Cast 

"  **  aim  *• 

!  44 

’if.S 

»'i6. 1 

1 

I600F-  2?ifi 

-VAJ*  10001  *  lllR-AC 

1  b‘* 
l/l 

i  u 

"  "  /HR- 

1  'aj 

1/4 

\ 

”  "  qiiH  '■ 

i/0 

176 

2 

"  *■  #HK  ' 

m, 

- 

1  >fi0F  " 

"  "  4llR  ■ 

ibx 

164 

? 

«:hr  '• 

I4/.' 

1#.« 

2 

1. 

”  IID0K2II4  • 

IV. 

I/O 

3 

MIR  ■ 

1./ 

U./ 

J; 

»*/*■,*  ' 

■■  looor  ■ 

1  Jf* 

u,*. 

? 

bHR  “ 

1  1'. 

I/O 

3 

13/ 

!f  <- 

b 

12.0 

7.6 

2.7 

10.7 

1.8 
0.6 
0.8 
2.1 

8.7 
6.9 

25.7 

24.6 
27.2 
25.0 

7.0 

/.I 

0.7 

0.0 

1.5 

0.0 

•5.1 

12.2 

12.9 

13.4 

5.7 

6.7 
1.4 

25.2 

26.5 
26.5 

4.9 
24.1 
25.9 

21.7 
22.4 


37.0 

36.0 

26.5 

33.2 

2.4 

8.5 
H.3 

14.0 

21.5 
20.4 
16 .  / 

10.6 

la  o 

5!d 

3.0 

3.2 
0.2 

io.  9 

3.8 
3.0 

3.2 
0.2 

4.0 

7.0 

7.4 

4.9 

6.3 

8.6 
I  i.5 


U50-3) 
190.0 
204.2 
190. C 
193 


194.0 

193.2 

195.6 


190.6 

186.0 

190.8 

285 

285 

293 

285 

293 

(PI47-3) 

172.0 

173.2 

172.4 


(PI49-3; 

216.4 
224.0 

214.4 
219.2 


277 


305 


287.6 


254 


331 


321 
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TABLE  J2I  (Continued) 


MECHANICAL  PROPERTIES  OF  HEAT  TREATED  EXPERIMENTAL  ALLOYS 


Yield 

St  r«ngth 

Alloy  Alloy  Heat  KS 1 

No.  Type  No.  Heat  Treatment  (0.2%  Offset) 

U! t I mate 

T  ens 1 1 c 
Strength 
KSI 

Elung.it  ion 
In  4D 

Per  Cent 

Reduct  Ion 
In  Area 
Per  Cent 

Notch 
Tens  1 !e 
KSI 

8r  !ne!  1 

Hardness 

Number 

29" 

PJ59 

As  Cast 

in 

150 

7.5 

14.0 

219 

It 

1 500F-  2HR-WQ+ I000F-  8HR-AC 

149 

165 

5 

11.5 

2i7 

tl 

"  “  ••  1 100F-4MR 

144 

158 

3 

6.7 

226 

" 

.  I050F-6HR  " 

150 

163 

4 

8.1 

222 

<1 

1450  ••  "  1000F-8HR  " 

148 

163 

4 

10.6 

214 

II 

"  •*  »  1100F-4IIR  " 

144 

153 

3 

7.0 

224 

»* 

M  •*  “  I050F-6HR  4 

146 

160 

5 

6.7 

221 

PI49 

\  550F-  2HR-WQ*  i  000  F~  4i!R-AC 

158 

163.6 

2 

4.9 

363 

..  »i  ti  ii  „hhr  •. 

159 

168.0 

2 

4.0 

352 

tl 

"  "  11  I100F-2HR  •« 

155 

i/o.o 

3 

7.0 

352 

II 

"  . .  4HR  " 

152 

162.4 

4 

7.4 

352 

II 

1500f  "  "  1000F-4HR  " 

134 

165.0 

2 

4.9 

352 

II 

1.  11  1.  II  W1R  .. 

136 

170.0 

3 

6.3 

352 

»*  "  «■  1I00F-2IIR  44 

132 

166.0 

3 

8.6 

341 

l.  ti  l.  H  Z,HR  ii 

132 

166.0 

5 

11.5 

352 

(1146-3) 

32 

15V  P146-2A  As  Cast 

115.0 

128.8 

3 

9,2 

122.8 

293 

8  As  Cast 

1  ls.0 

134.0 

J 

11.5 

167.2 

C  As  Cast 

1  15.0 

135.2 

6 

18.6 

177.6 

pi46 

1 350F- 2HR-WQ+900F - 2HR-AC 

141. 8 

144.0 

h 

1.8 

n 

"  "  "  ’  4IIR 

164.0 

166.5 

3 

3.8 

PI'l6 

M  11  U  .1  (j|{K  II 

>35.3 

!36  7 

2 

3.3 

41 

2Cu  P523 

As  Cast 

85 

lo6 

25.9 

ltd: 

II 

ii 

1000F-8IIR-AC 

II 

ii 

••  Aim  " 

U 

it 

900F-72HR  ■■ 

88 

106 

15 

23.9 

241 

M 

n 

..  24  •• 

88 

104 

16 

22.4 

235 

11 

"  4«  " 

89 

106 

15 

<•4.6 

248 

II 

n 

800 F  8HR  " 

84 

Iil4 

12 

20.4 

299 

i» 

"  24HR  " 

88 

104 

15 

24.4 

241 

n 

"  4»HR  •• 

88 

105 

16 

27.2 

241 

/OOF-  8HK  ’• 

86 

104 

16 

25.9 

235 

** 

"  24HR  '* 

86 

104 

17 

76.5 

223 

i» 

"  4»HR  •• 

88 

105 

16 

30.5 

223 

" 

" 

600F-24HR 

II 

ii 

"  4bHR 

II 

P  202 

I4/5F- 2HR-W31+1 200F-  2HR-AC 

55 

82.8 

21 

41.4 

170 

" 

I.  ..  ..  W|R  •• 

58 

80 

15 

38.1 

183 

" 

F  5/9 

As  Cast 

*00 

"7 

|4 

18.9 

173 

255 

n 

100 

118 

13 

’9 .1 

174 

255 

11 

" 

IOOOF-80HR-AC 

luu 

117 

13 

id.  1 

262 

•  l 

" 

900 F-  tflffl-  " 

102 

1  i  o 

13 

17. 5 

ii 

600F-  bHR  " 

98 

115 

6 

9.2 

269 

n 

ii 

"  dOHR  41 

102 

I  18 

13 

ll.n 

248 

42 

6A!-2Cu  P/23  1A  As  Cast 

!!! 

173.6 

H 

15. 8 

182.4 

281 

■  i 

■*<  As  C<IS  i 

!  :c 

122.2 

9 

Id. 9 

182.8 

■* 

C  As  Cast 

!  S  I 

i  •-  j. 

•  1.4.1 

9 

*3.o 

;az.d 

*' 

P223 

1 47  5  F- 2ltR  -  UIJl  1 200  F  -  211 R  -  AC 

SOd 

1  18.0 

10 

23.2 

262 

• 

11 

“  * .  «IIR  14 

106 

1 16.6 

io 

23.2 

(rio2->; 

269 

44 

3AI-2JV  PI44- 

1A  As  Cast 

94.0 

I06.(i 

i  » 

28.5 

168.4 

253 

B  As  Cast 

44.0 

liiij-  •* 

1  ! 

C  As  Cast 

95.0 

108.0 

12 

29.9 

i  1 

"1  '.dU 

10/. 6 

1  1 

29.4 

" 

1450r-2IIK-«itaUOF  -2IIH-AL 

101.6 

113.8 

9 

13.2 

.  41  MHK  ■’ 

In*.  \ 

H3.9 

5 

15.3 

. .  dHR  " 

112.5 

? 

2J _ 2 

1350F .  2HR  ■■ 

101.4 

10H.6 

12 

TO  1 

" 

"  . .  4HR  ■* 

102.0 

10ii.6 

10 

21.1 

:•  :•  1.  II  .. 

j  i  in  7 

1  n.  -■ 

*’ 

5  *4  "  4‘  iiihil  " 

ln/.2 

loo. 9 

9 

21.2 

!_**  •  1  -  7  1 

•r»5 

oAs-!*7i  I'J/* 

-IA  A-  Last 

M/ 

!  -'*1 .  H 

1  2 

iO.s 

191.4 

! Lb- l  Tj 

8  A;  C.iSt 

!  j  ; 

14 

*  i .  • 

5  32 

L  «i  LhSI 

:  in 

* 

■ 

J‘}  Ii 

196.8 

ln*».i  Iihm-ai 

i  !■. 

1  i*  /. 

1  1  1. 

iff 

" 

fcllR  •' 

I.”- 

I.'  .8 

5 

i  4. 

«o5 

•  *  f  s 

1  4 

r, 

n  1 

1 
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TABLE  J21  (Continued) 

MECHANICAL  PROPERTIES  OF  HEAT  TREATED  EXPERIMENTAL  ALLOYS 


Yield 

U! t (mate 

St  reitqth 

Tens  1 le 

E tonga* Ion 

Reduction 

Notch 

Brlnol t 

Al  loy  A1 loy 

lie  at 

KSI 

Strength 

In  40 

In  Area 

Tens  1  la 

Hardness 

No 

.  T  yp  « 

No, 

Heat  Ti'Ciitncnt 

iO.ZX,  Offset) 

KSt 

Per  Cent 

Per  Cent 

KiSl 

Number 

P182-2A  As  Cost 

Otf 

92.0 

14 

25.2 

127. 2 

201 

it 

As  Cast 

6tt 

90.4 

13 

26 

132 

it 

As  Cast 

6tt 

91.6 

13 

23 

133.2 

ii 

PI82 

1S00F-2HK-WQ 

/» 

126.0 

4.5 

9.2 

293 

it 

it 

II  II  !■ 

«•  900F-1HR-AC 

78 

100.0 

3 

8.6 

tv 

it 

ii 

n  2HR  " 

72 

108 

4.5 

10 

248 

" 

ii 

II  II  II 

'•  4HR  n 

a 

115.6 

7 

11.9 

248 

ii 

»• 

II  ■■  II 

"  tfllR  " 

60 

113.2 

7 

1 1.9 

241 

ii 

ii 

It  II  II 

800F-IHK  " 

til 

122 

2.5 

4 

285 

ii 

ii 

II  II  tl 

..  2IIK  ” 

78 

124.8 

3 

6.3 

293 

•i 

ii 

<1  Ii  II 

“  4HR  " 

76 

123.6 

6 

7.6 

293 

ii 

'■  tifIR  " 

7f> 

I2<.2 

4 

7.4 

289 

(P234-2) 

19 

6A1-6V 

P2J4-1A  As  Cast 

1  tl.O 

132.0 

10 

32.5 

206.0 

296 

-2Sn 

8 

As  Cast 

m.o 

136.0 

8 

21.0 

204.0 

C 

As  Cast 

1  11.0 

131.0 

9 

29.0 

204.4 

P2*l» 

16Q0F-  2Hft-UQt-  IOOOF-  2HR-AC 

— 

163.6 

2 

3.8 

363 

■  1 

ii  ii  ii 

"  4HR  *' 

150 

163.6 

2 

3.8 

352 

II 

■i  ii  n 

ll(Xlf-2HR  ■* 

146 

158.8 

2 

7.0 

352 

11 

n  ii  <i 

"  411ft  »' 

iso 

16o.n 

1 

1.6 

352 

II 

n  ii  t* 

I000F-2HR  “ 

142 

159.2 

2 

4.9 

352 

•  1 

ii  ii 

'•  4HR  " 

149 

157.2 

1 

0.3 

352 

It 

•i  ii  ii 

I100I-2HR  " 

141 

155.2 

2 

7.0 

341 

ii  it  n 

!•  i,HR  ii 

140 

154.2 

3 

7.6 

341 

SO 

IJSn-2AI 

P230-JA 

As  Cast 

122.0 

142.0 

4 

5.3 

196.2 

305 

-I02r 

B 

As  Cast 

123.0 

145.2 

n 

18.9 

186.0 

L 

As  Cast 

123.0 

144.0 

10 

18.1 

190.0 

P230 

ln?5F-4im-AC 

126 

141.6 

7 

11.9 

293 

11 

»  I6HR  " 

124 

143.6 

4 

7.6 

311 

55 

6AI-4I 

P297-SA 

As  Cast 

10-1.0 

12.4.0 

9 

25.7 

211 

0.5« 

B 

As  Cast 

106.0 

126.0 

10 

25.2 

C 

As  Cast 

104.0 

124.0 

12 

41.4 

313 

200 

243 

197.6 

203.2 

55 

313 

1 600  F-  2114-  000  F-  2M-  AC 

!  21 

139.6 

5 

11.5 

321 

Ii 

.1  II  II 

"  4llft  ” 

3  20 

139.6 

8 

IS. I 

311 

II 

jl  II  II 

II00F-2MR  " 

123 

1?6.’ 

$ 

13.5 

286 

•  ■ 

■I  II  II 

..  i*hr  ” 

1  19 

134.0 

a 

16.7 

293 

11 

<•  ■ 1  II 

1 OOOF-2HR  «' 

12! 

138.0 

7 

13.5 

502 

11 

■*  '*  " 

"  4HR  " 

120 

138.8 

7 

12.9 

302 

II 

II  II  II 

I10QF-2HR  ” 

116 

132,8 

8 

•  2.7 

293 

11 

"  "  " 

"  4HR  " 

1 16 

133.6 

9 

17.5 

311 

b6 

6AI-1V 

-0.5T  a 

348 

As  Cast 

104 

124 

11 

38.9 

192 

282.3 

" 

As  Last 

■ny 

128 

11 

24.9 

190 

11 

A'  Cast 

106 

1  ?4 

I  1 

f 

\DL 

” 

l6C0f-/HK-m» 

9wr-2im-Ac 

117 

140.4 

6 

in  n 

Q0* 

oni 

" 

■■  n  i- 

"  bHB-AC 

123 

140.0 

4 

12.2 

32! 

1: 

i-  •- 

IUUUF-2MK  ” 

s  14 

138.2 

9 

25.2 

311 

ii 

■■  li  1* 

"  1HR  " 

H9 

136.8 

9 

25.0 

321 

i.  i.  i. 

1  1  OOF- if  HR  " 

117 

134,0 

3 

14.5 

302 

" 

Ii  li  II 

f'  4HR  " 

120 

ijj.y 

£ 

1  r_  9 

302 

"  1HR  *• 

IOOCF-/rw 

i  «:u 

136.0 

4 

i  i .  C 

3H 

** 

**nft 

1  ru 

i  «.  x 

A 

\  2  _r. 

in 

. 

1  IlHJf-  ifiiH  * 

1  io 

134.2 

b 

7.6 

302 

" 

n  ••  *■ 

"  4tllt  '* 

1 16 

131.2 

7 

14,2 

311 
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TABLE  I  (Conlinuud) 

MECHANICAL  PROPERTIES  OE  HEAT  TREATED  EXPERIMENTAL  ALLOYS 


Yield 

U 1  1  1  m.i  t  p 

SI  t  fin  j  til 

Tens  He 

E Iomi.it  Ion 

Reriin  t  Ion 

Kcitr  h 

B  r 1 ne 1 1 

A  liny  Alley 

Heat 

K!>1 

Si  1  i-mjlh 

In  4lJ 

In  Area 

fens  lie 

HnrdnesS 

No 

Ho. 

f|  ••.lIlM  l»t 

(iff-..-!) 

Ks  j 

Per  fn.,1 

Per  Cent 

KSI 

Number 

(I4B-3T 

s/ 

p  m- 

1A 

As 

Cast 

M4 

134 

6 

10.6 

192 

285 

•• 

0 

V, 

C.ist 

113 

U4 

a 

12.2 

189.6 

" 

C 

As 

t-lS  1 

n? 

133.2 

7 

10.6 

192 

" 

r‘Z‘Jd 

14501-  2HR 

-wii 

1  Mi 

13/ 

10 

18. 9 

269 

■* 

* 

•I 

" 

*IOilf  -  HfhAL 

Mni 

|/»0 

0 

0 

388 

■■ 

* 

/IlK 

1  .ikon 

ls6 

0 

0 

375 

" 

' 

"  /lint  " 

** 

15/ 

0 

0 

388 

■  1 

*  ■ 

' 

1 1 

1  uim  " 

l‘>0 

0 

0 

375 

II 

ii 

1 

*1 

•  I 

aooi-lim  " 

■■ 

156 

0 

0 

388 

II 

*■ 

II 

II 

1 1 

"  /im 

" 

157. tt 

0 

0 

338 

II 

•* 

1 

"  4  IlK  " 

i- 

158.4 

0 

0 

3  as 

" 

" 

' 

"  i‘HR  " 

io2.'» 

0 

0 

388 

60 

4Al-4Sn-82r  P300 

As 

L.isl 

133 

152 

1C 

21 

" 

-ife-lCr- 

IV  •• 

«  > 

1  c2 

: : 

59.4 

3/1 

■  i 

" 

"  UHK 

1 30 

146 

3 

4.9 

311 

ii 

11 

“  I6.HK  •• 

13/ 

153 

8 

10.6 

331 

■  i 

p;uo 

moor-bun  " 

157 

1/4 

3 

5.2 

*■ 

1 1 

••  24HR 

160 

176 

4 

4.3 

n 

" 

AMUR  " 

161 

1/6 

3 

2.4 

172 

i. 

As 

C.iS  * 

151 

170 

7 

10.5 

n 

j00r-3hR  " 

w 

H 

"  /4itR  » 

156. 

17/ 

4 

7 

352 

II 

" 

"  <I8HR  •• 

156 

156 

0 

0 

161 

352 

II 

" 

"  /2!lrt  " 

156 

17/ 

4 

5.3 

352 

" 

bOOF-«l|R  11 

155 

17a 

7 

11.5 

“ 

"  yhitu  ii 

•s? 

2 

2.4 

II 

" 

"  46IIR  " 

160 

lb/ 

5 

7.6 

60 

'lAI-ltSr. 

P 100-  1A 

As 

C«isl 

137.0 

151.' 

9 

21.5 

223.2 

321 

U7 r-  1  Fe 

B 

As 

r.f.t 

132.0 

15/. « 

10 

22,4 

218.8 

iV-ICr 

C 

As 

t.ist 

136.0 

154.0 

10 

19./ 

223.2 

P489 

As 

n.v-t 

151.0 

1/0.0 

7 

10.5 

5i*o 

IV 

10001- IIIR-AC 

15/ 

178.8 

3 

10.9 

363 

" 

• 

" 

" 

"  /HR  ’ 

153 

176.8 

4 

10. 0 

363 

•• 

•• 

"  4ll<  - 

151 

1/3.6 

3 

5.3 

363 

P300 

As 

< .» .t 

133 

15/ 

10 

21.0 

221 

P489 

As 

!.-»•  1 

151 

I/O 

7 

10.5 

231 

P300 

iw 

’HR 

-Ml- 

lOUOf-  IIIH-AC 

— 

Irl 

z 

2.4 

" 

• 

It 

2HR  - 

!>6 

loC 

2 

3.3 

■■ 

I'jOOf  ! 

"  l|IIR  " 

154 

17*3 

2 

5.3 

II 

14506  " 

11 

I  HR  •* 

15/ 

179 

t 

*0  Q 

60 

P300 

I4SOF-2MH 

wo- 

1  /JOG*-  /HK-AC 

153 

17/ 

4 

10.3 

■» 

• 

■■ 

•* 

lillR  " 

i  5 ! 

1/4 

3 

5.3 

" 

roof 

“ 

BUR  " 

154 

I/O 

j 

3.3 

■ 

i* 

■■ 

•i  i. 

1/3 

*7- 

1 

0.7 

K»d 

PJOO 

1  50t»F-  -:*IK 

Ml- 

IOOOF- 1HK-AL 

— 

ItfO.B 

£ 

2.4 

375 

n 

' 

* 

■* 

"  2HR  " 

156 

lt>0.0 

l 

3.3 

303 

■' 

• 

" 

O 

Mils  " 

154 

l/O.t 

l 

b.i 

375 

65 

/A«-/Hn- 

WO 

As 

CjSl 

Wj 

172 

1 

J__? 

J 

xf 

U.!>W-U.!>I*  ■* 

As 

Cjst 

155 

152.4 

I 

1.6 

128 

> r  .  i- 

■*  “  •  /*“ 

2Zi  ** 

«» 

'-«>  ‘ 

i 

» /M .  J 

1 

4 

152 

■» 

" 

1007?  /HR- At 

Hot 

16*1.6 

2 

!<  n 

jt>3 

*• 

4HH  1 1 

1  jken 

17? 

? 

4.2 

>(} 

•• 

l  i(»0?  -/HK-AC 

4- 

t-*K 

1 

1.6 

35; 

..  >;•<»  ■■ 

*■ 

1 

2.4 

L1* 

•Ai  s*  u< 

i  i  ji*  - 

A 

As 

l 

1  tU 

|/»l  ./ 

II 

77.  n 

213.2 

290 

B 

As 

1.  lit 

U*  • 

16/ 

IP 

2  *  .5 

2  •  4 

;  In  t 

•  nr  -1  -;nlK-AL 

1 /- 

1  1(1.4 

1C 

*  3 

id  j 

293 

y 

io.'j 

233 

•* 

U.HH  1 

1  !i».  fi 

tj 

*33 
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TABLE  J27  (Continued) 

MECHANICAL  PROPERTIES  OF  HEAT  TREATED  EXPERIMENTAL  ALLOYS 


Alloy  Alloy  Heat 

No*  Typo  No* 


6AI-4V 

434 

A*  Cast 

129 

147.6 

9 

15.1 

204 

317 

ICt-lMo 

m 

Ai  Cast 

126 

144.8 

7 

18,6 

m 

At  Cost 

128 

145,0 

8 

17.0 

204 

Non* -A 

A*  Cast 

130 

152.0 

7 

15.1 

321 

S 

At  Cast 

!35 

152.0 

6 

9.2 

434 

1550F-2HR-WO+1000F-4HR-AC 

144 

159.2 

2 

6.7 

341 

M 

I5.50F-2HR-WQ+1000F-8HR-AC 

144 

158.8 

2 

6.7 

341 

m 

1 550F-2HR-QW+1 100F-2HP-AC 

140 

154.0 

4 

10.5 

331 

m 

1550F-2HR-QW*!  100F-4HR -AC 

141 

154.4 

4 

7.0 

352 

n 

1500F-2HR-QW+1000F-4HR-AC 

145 

160.0 

4 

7.6 

341 

m 

1SC0F-2HR-WQM000F-8HR-AC 

141 

156.8 

3 

7.6 

331 

m 

1500F-2HP -WQ+1 100F-2HR-AC 

139 

154.4 

4 

9.7 

321 

m 

1500F-2HR-WQ+1  100F-4HR-AC 

136 

150.0 

5 

11.2 

311 

8Zr-4Al- 

596 

As  Cast 

154 

171 

4 

5.3 

216 

352 

M 

1500F-2HR-AC 

159 

P5 

3 

6,5 

363 

!.5Cr-1.5V 

ft 

1400F-2HR-AC 

154 

168 

8 

12.9 

352 

ft 

13Q0F-2HR-AC 

154 

168 

4 

6.7 

352 

M 

t200F-2HR-AC 

158 

164 

2 

1.6 

352 

14Q0F-2HR-AC+1000F-48  HR-AC 

142 

0 

0 

ft 

I400F-2HR-AC+  900F-48  HR-AC 

184 

0.7 

» 

1400F-2IIR-AC-*  800 F -48 HR -AC 

136 

1 

1.6 

401 

ft 

MOOF-2HR-AO  70OF-48HR-AC 

101 

0 

0 

401 

• 

I400F-2HR-AC-.  600F-48HS-AC 

170 

4 

6.6 

352 

8Zr-4Al- 

597 

As  Cost 

132 

148 

10 

20.0 

321 

4Sn-.5F«- 

■ 

1 500F-2HR-WQ+1000F-2HR-AC 

144 

162 

4 

9.2 

352 

•SCr-.iV 

ft 

1 400F-2HR-WQ+1000F-2HR-AC 

144 

158 

5 

6.3 

331 

ft 

!  OOOf -2HR-AC 

135 

149 

4 

14.0 

311 

ft 

1 OOOF-48HR-AC 

138 

151 

5 

B.6 

321 

ft 

900F-48HR-AC 

138 

152 

8 

18.9 

341 

ft 

800F-48HR-AC 

1 38 

154 

7 

13.5 

331 

700F-401IR-AC 

136 

152 

8 

17.5 

311 

ft 

600F-48HR-AC 

133 

140 

10 

18.9 

293 

ft 

Ai  Cast 

1 32 

148 

10 

22.4 

219 

321 

H 

As  Cast 

132 

149 

1! 

16.7 

321 

ft 

15O0F-2HR-WQ+I000-2HR'  AC 

146 

162 

4 

9.2 

352 

ft 

1  40QF-2HR-WU-»IOOO-2HR-AC 

144 

158 

5 

6.3 

331 

toe, 

606 

As  Cast 

168 

1 

1,6 

140 

« 

As  Cast 

172 

1 

3.3 

• 

1400F-2HR-WQ 

150 

1 

0.7 

331 

* 

1  <mnF-2HR-WQ4«OOF-1  HR-AC 

107 

0 

0 

429 

« 

1 400F  -  2HR-  WQ  S800F -2  HR-AC 

176 

0 

0 

429 

« 

!  400F-2HR-WGH800F-4I  (R-  AC 

173 

0 

0 

R7r-4AI- 

607 

As  Cast 

IjO 

152 

11 

20.0 

208 

331 

*So-2V 

« 

900F-48HR-AC 

140 

1 

a 

16,7 

33t 

" 

OiA/i  'Wilil  Av 

>->9 

158 

1C 

18.9 

331 

■ 

700F-48HR-AC 

■38 

159 

9 

19.1 

331 

■ 

600F-48  HR-AC 

135 

158 

9 

23.2 

331 

« 

1QOOF-48  HR-AC 

140 

142 

1 

5.3 

331 

ISOOF-2t«-WQ+IOOO-l  HR-AC 

145 

161 

7.5 

12.9 

352 

« 

1300F-2HR-WQ+1000-2HR-AC 

145 

161 

7 

12.9 

341 

« 

!500F-2HS-WQ»)000-4HR-AC 

144 

160 

8 

15.1 

352 

I500F-2HR-WQ+1000-8 HR-AC 

147 

164 

8 

17.0 

352 

« 

1500F-2HR-WQ*  900-IHR-AC 

144 

162 

6 

11.2 

-352 

1500F-2HR-WQS  700-2HR-AC 

146 

162 

4 

12.9 

352 

» 

150GF-2HR-WQ+  9G0-4SIR-AC 

146 

J  AO 

9 

15.1 

352 

M 

1500F-2HR-WQ*  <>00-8HR-AC 

144 

16) 

7 

14.2 

352 

Heut  Treatment 


Yield  Ultimate 

Strength  Temllo  Elongation  Reduct.  Note!'  Brlneii 
KSI  Strength  In  AX)  In  Area  TenrlJe  Har  ones* 

(0.2%  Off<«t)  KSI  Per  Cant  Per  Cent  KSI  Number 
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TABLE  322 

HEAT  ANALYSES 


tic  it 


Mu. 

II 

0 

N 

1  u 

At 

V 

Ct> 

pi 

.WA 

.00  31 

.16 

.016 

.21,1 

5.02 

3.J. 

.00/ 

P/ 

.<l4b 

.003 

.133 

.01/ 

.2/5 

(■.lit 

3.92 

.  002 

pi 

.OS/ 

01122 

.125 

111/. 

.  /fill 

*.  *«/• 

3.99 

.0*1/ 

r*i 

.02*, 

.0021 

.124 

-01/ 

.212 

'i.y  l 

3. ‘8, 

.002 

I"** 

.02/ 

.003 

,I*K»h 

.016 

.14/ 

4.98 

4.IJ 

.002 

p«. 

.uji 

.001 

.liii 

.Gio 

.210 

6.1/ 

4.08 

.01)2 

p« 

Mo  Anu 

.,To 

ly'ls 

.  *4  '1 

.*i|M 

.716 

*  t 

4.09 

.<’0? 

PV 

.031 

.  (lOWi 

.1/44 

.02  1 

.  220 

6.0/ 

4 . 09 

.002 

.3/0 

.0059 

.22/5 

."It 

.  *Wi 

5.'0 

Ill 

-Job 

,0031 

./I4 

025 

.7/0 

5.02 

3.9M 

.1)02 

PI  i 

.0  10 

.0031 

,2tJ 

Jl/4 

.  255 

6.13 

4. 30 

.00? 

i'U 

.0  36 

.0026 

.14 

.0)8 

.  20S 

5.  MO 

4. 15 

.00/ 

phi 

.OS  2 

.0026 

.11 

.023 

.214 

4.8-. 

•#.  1 ) 

.002 

(•Is 

.«/» 

.003/ 

.  l*»/5 

.n»8 

mi 

6.  •  •» 

(  .  UK 

'H12 

!  If. 

.OM 

.0028 

.2180 

n/t 

.214 

5. W. 

■i.  1 1 

.002 

pi; 

.028 

.0025 

.305 

.016 

.  lyo 

6.  16 

4.CS 

on? 

PI8 

.042 

.0032 

.165 

.021 

."•4 

6.0/ 

M.US 

.002 

my 

.0/0 

.0034 

.1858 

.020 

.215 

1  .03 

2.9? 

.002 

r;  0 

.  jjS 

.00/* 

.i  35 

.022 

.195 

*  /  3 

3.88 

.00? 

P2I 

P22 

.OSO  .0036  .186 

See  p/4  -  P22  Hls»un 

.01$ 

.  lub 

4.8! 

3.94 

.002 

P23 

.042 

•  00'i3 

2b9« 

.022 

.210 

4.55 

3./S 

.002 

P/4 
*iA  I  - 

.030 

4Mn 

.0024 

.162 

.020 

.134 

3.65 

.n/ 

.002 

p;5 

.o/; 

.004 

.22 

.023 

.320 

5.<*6 

3.94 

.002 

(V2i. 

(5M- 

.«• / 

2  \  Sn 

.0024 

.23 

.014 

.1/0 

'•.!>) 

.50 

.002 

p;; 

.o  54 

.002/ 

.2>/5 

.  •  54 

.235 

5./0 

3  .6c 

.002 

r<8 

.OnO 

.0023 

.24-, 

.022 

,  il't 

>-<*/ 

J./3 

.00? 

P29 

.06o 

.OCJo 

.22/5 

.023 

.  i  »o 

>.42 

3  -  /«. 

uuuS 

PJO 

.0/3 

.0026 

.2425 

-02/ 

.240 

6.04 

3.92 

.0005 

pii 

.051 

.0021 

.18 

.02  3 

.  UK) 

l*.  >1 

3.92 

.0005 

(P32 

(4*1- 

.075 

ZjSn 

.003 

.355 

.025 

.240 

5.93 

3.8(> 

.0005 

Pii 

.0/0 

.0032 

.256 

.015 

.1/5 

4.'l 

.015 

.002 

p|4 

.080 

.0026 

.»y/5 

.(lit- 

.080 

5.9/ 

3.00 

.002 

P3S 

.053 

.0022 

- 185 

.011 

.  *dO 

6.03 

3.9/ 

.00? 

P3»i 

.002 

.0041 

.212s 

.on 

.  245 

U.OZ 

3.8/ 

.0U2 

P37 

03V- 

.u/9  .0033 

|  Kr-flAl 

.2625 

.O/o 

.320 

5  /i 

3. /ii 

.007 

(P3o 

.020 

.0046 

.143*1 

-Cl/ 

.226 

2.62 

12.9 

.002  1 

piq 

C9tf 

.  Oij  ?’j 

.2463 

.3/0 

6.0 1 

3.o7 

.00/ 

PlO 

.092 

.0042 

.  24  i  2 

.Oi/ 

.■*20 

5.9o 

.  i»2 

.Oil? 

P4i 

.09c » 

.  CO  J2 

.226 

.  u  <u 

.  1  •*> 

4 .  /-* 

») 

.0-/ 

Mi? 

fto.H 

.00)1* 

.10 

.0/i 

.iiv 

*  .0** 

* . 

.MO  i 

,Ci/i 

.0030 

.229 

.02., 

,  t  jO 

5-0  / 

i  .o'. 

•Hi  2 

jp-i'i 

I  •  )* 

.6  30  .005*- 

1 

.143 

.020 

•'./l 

12./ 

ini' 

,v- 
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TABtf  J23 


RESULTS  OF  DEVELOPMENTAL  BRACKET  COMPARATIVE  FATIGUE  TESTS 


Fatigue  Life,  Cycles 


Load, 

Cast  TI-5AI-4V 

Cast  410  Steel 

Pounds 

(As -Cast) 

(180, 000  psi,  min.) 

18,000 

NT 

21,000  (2) 

15,000 

5,010  (1) 

26,700  (2) 

15,000 

2,542  (1) 

30,380  (2) 

12,000 

7,552  (1) 

93, 180  (3) 

12,000 

14,710  (1) 

118,450  (2) 

9,000 

30,000  (1) 

430,330  (1) 

9,000 

34,149  (2) 

311,000  (2) 

7,000 

140,051  (3) 

NT 

7,000 

134,420  (2) 

NT 

5,000 

448,618  (1) 

NT 

5,000 

318,550  (2) 

NT 

NT  -  None  Tested. 

(1)  Failure  In  up>per  flange. 

(2)  Failure  in  upper  large  lug,  at  mounting  hole 

(3)  Failure  in  small  lug. 
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TABLE  J24 

RESULTS  OF  STATISTICAL  EVALUATION  OF  DIMENSIONS 


Dimension 

Type  — 

See  Footnotes 

Specified 

Nominal 

Dimension 

A.ctuai 

Average 

Dimension 

Specified 

Range 

Actual 

Range* 

1 

.200 

0.206 

*  .015 

*  .011 

1 

.650 

.674 

i  .015 

*  .015 

1 

3.050 

3.099 

i  .015 

*  .019 

1 

Not  Specified 

9.598 

±  .050 

-  .050 

2 

1.520 

1.533 

+  .025 
-  .015 

*  .028 

2 

2,520 

2.525 

+  .025 
-  .015 

-  .028 

3 

Not  Specified 

.664 

±  .015 

*  .035 

3 

3.050 

3.110 

±  .015 

±  .037 

3 

10,630 

10.703 

-  .  '50 

-  .071 

*  Actual  range  was  from  conventional  statistical  analysis  and  represents  plus  and 
minus  three  standard  deviations. 


1. 

2 

3. 


Simple  Dimension 

uimviwtvii  V4vi  w# 


r  not  across  porting  iine. 

~~  J - - 1  _  .  * - *-?  _ 

tUI^UIUI  tv  psufjlll^ 


It.  - 
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Dimension  across  but  paraliei  to  parting  line  (Includes  mismatch) 
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ANALYSIS  TECHNIQUES 


Conventional  statistical  analysis  methods  were  used  to  establish 
composition  limits,  design  allowables,  and  dimensional  tolerances. 
These  methods  are  based  on  ihe  assumption  that  the  various  data  being 
studied  represent  a  "normal  *  distribution.  The  following  symbols  are 
used: 


n  -  the  number  of  individual  values  In  a  sample 

X  =  an  individual  value  in  a  sample 

£X  =  the  sum  of  the  individual  values  Jn  the  sample 

X  -  the  arithmetic  mean  (average)  of  the  Individual  values  in  the 
sample 

a  -  the  standard  deviation  of  the  sample 

The  procedure  for  determining  standard  deviation  is  as  follow? 

1.  Determine  n  and  X. 

n 

2.  Determine  the  difference  of  each  value  from  the  average 
(X  -  Xj  —  n  values  will  be  obtained.  Sign:  can  be  disrf  • 
garded . 

3.  Square  each  of  the  values  obtained  in  step  2  -  -  (X  -  X)2-- 
n  values  will  be  obtained. 

4.  Determine  the  sum  of  the  values  obtained  In  step  three  and 
divide  this  sum  by  n. 

C  (X-X)2 
n 

5.  Determine  the  square  root  of  the  value  obtained  in  step  4. 

This  .v! I !  be  one  standard  deviation. 

a  =/Ji£«L_ 


n 
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